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• Yagi antenna design 

• Touch-Tone encoder 

• 1C frequency standard 

• microwave spectrum 
analyzer 

• speech processor 

• and much more . . . 







TEMPO 


VHF/ONE PLUS 


Tinro 


» Hl/Qnt flu 


U 

KH/+SKH, Pwa/voi 

x s. 


MORE POWER / 


25 OR 5 WATTS OUTPUT SELECTABLE 


REMOTE TUNING / ON MICROPHONE 


NEW LOWER PRICE/ NOW ONLY S399.00 


SIDEBAND OPERATION with ssb/one adapter / MARS 
OPERATION CAPABILITY / 5 KHz NUMERICAL LED 


The Tempo VHF / One Plus is a VHF/ FM transceiver for dependable communication on the 2 meter 
amateur band • Full 2 meter coverage, 144 to 148 MHz for both transmit and receive • Full phase lock 
synthesized (PLL) • Automatic repeater split—selectable up or down • Two built-in programmable 
channels • All solid state • 800 selectable receive frequencies with simplex and +600 KHz transmit 
frequencies for each receive channel. 'Adjustable internally 3 to 15 watts 


FMH-2, FMH-5& 
FMH-42 (UHF) 

6 channel capabil 
ity • selectable 1 


or 2 - 1 or 5 Watts 


output* Solid-state 


• Battery level met 


er • Earphone jack 


• Built-in charging 


terminals and sep 


arate charging jack 


for Ni-cad batteries 


• Flex antenna • 


Carrying case Stan 


dard • Excellent 


frequency stability 


allows use with 


TEMPO 


VHF 

& UHF 

AMPLIFIERS 

VHF (135 to 175 MHz) 

Drive Power Output Model No 

Price 

2W 

1 30W 

130A02 

SI 99 

10W 

1 30W 

130A10 

SI 79 

30 W 

1 30W 

130A30 

SI 89 

2W 

80W 

80A02 

SI 69 

10W 

80W 

80A10 

St 49 

30W 

80W 

80 A 30 

SI 59 


UHF (400 to 512 MHz) 


Drive Power Output Model No. Price 


2W 

70W 

70D02 

S270 

I0W 

70 W 

70D10 

S250 

30 W 

70W 

70D30 

S210 

2W 

40W 

40D02 

SI 80 

I0W 

40W 

40D10 

SI 45 

2W 

10W 

10002 

SI 25 


FCC Type accepted models available 


for high power out- 
put over 100 Watts 
• 8 AA batteries or 
10 AA Ni-cads’ 

’ Not furnished. 

FCC Type accepted models 
available 


Sold at Tempo dealers throughout the U S. and abroad Please call or write 
for further information Prices subject to change without notice 


11240 W Olympic Blvd . Los Angeles 
Calif 90064 213/477-6701 

931 N Euclid Anaheim Calif 92801 714/772-9200 

Bullet Missouri 64730 816/679-3127 


urn Mil 


TEMPO 

POCKET 

RECEIVERS 

MS-2, 4 channel scan- i 
ning receiver for VHF 
high band, smallest unit 
on the market. MR-2 
same size as MS-2 but 
has manual selection of 
12 channels. VHF high 
band. MR-3, miniature 
2-channel VHF high 
band monitor or paging 
receiver. MR-3U, single channel on 
the 400 to 512 UHF band All are 
low priced and dependable. 






















OBJECTIVE: To design a no-compromise HF 
transceiver for the beginning Ham or Old Timer and 
at an economical, affordable price. 

CRITERIA: Cw transmit, cw and ssb receive. 
Full break-in. 70 watts input. Full band coverage 


no-tune band change. Built-in regulated power sup¬ 
ply. Overload protection. Linear crystal mixed VFO. 
Direct frequency readout. Offset receiver tuning, 
defeatable. Built-in speaker. Sensitive receiver sec¬ 
tion. High selectivity — three position. Sidetone with 


80-15 meters, 1 MHz on 10. All solid state. Instant, adjustable level. Full line of matching accessories. 


THE RESULT ... TEN TEC L^enturu/21 

The Century/21 was designed and tooled from scratch for high 
performance cw. A unique Double Direct Conversion receiver 
performs as well as the conventional superhet. Broadband 
transmitter with instant break-in is a highly desired luxury. 
Accessory keyer and crystal calibrator available now, with ad¬ 
ditional accessories to follow. And . . . 



THE AFFORDABLE PRICE: 


Century/21, Model 570 .$289.00 

Century Keyer, Model 670 . 29.00 

Century Calibrator, Model 276 29.00 


iran 


For further information, write 


TEIM-TEC INC 

SEViERVILLE, TENNESSEE 37862 

EXPORT 5715 LINCOLN AVE.. CHICAGO. ILL. 60646 









This NEW MFJ Deluxe Keyer at $69.95 ... 

gives you more features per dollar than any other keyer available. 


m 


WEIGHT 10*1 yOlUMt 


©cccc 

mfj deluxe electronic xever 

HOOt l HtJ-lOO 'C 



Based on the Curtis 8043 1C keyer on a chip, the 
new MFJ Deluxe Keyer gives you mote leatures per 
dollar than any other keyer available 
Sends iambic automatic, semi automatic, manual 
Use squeeze, single lever or straight key 
Iambic squeeze key operation with dot and dash 
insertion lets you torm characters with minimal wrist 
movement lor comfortable, latique Iree sending 
Semi automatic "bug" operation provides automatic 
dots and manual dashes Use a manual straight key 
to salely key your transmitter or to improve your list 
Dot memory sell completing dots and dashes. 
|am proof spacing and instant start lor accurate and 
precise CW 

Totally RF proof. No problems, whatever 
Ultra-reliable solid slate keying. Keys virtually any 
transmitter grid block. - 300V max . 10 ma. max . 
cathode and solid state transmitters + 300V max. 
200 ma. max 


Al controls are on the front panel speed, weight, 
tone, volume, lunction switch Smooth linear speed 
control 8 to 50 WPM 

Weight control lets you ad|ust dot dash space 
ratio, makes your signal distinctive to penetrate thru 
heavy OHM lor solid DX contacts 
Tone control. Room filling volume Built in speaker 
Ideal lor classroom teaching 
Function switch selects oil. on. semi automatic/ 
manual, tune Tune keys xmtr lor tuning 
Completely portable. Take it anywhere Operates 
up to a year on 4 C cells Miniature phone jack lor 
external power (3 lo 15 VDC) 

Beautiful Ten Tec enclosure Eggshell white, 
walnut sides Compact 6x6x2 inches 
Three conductor quarter inch phone lack lor key. 
phono jacks lot keying outputs 
Optional squeeze key. Dot and dash paddles have 
lully adjustable tension and spacing lor the exact 
teel" you like Heavy base with non slip rubbei leet 


eliminates "walking $29 95 plus $2 00 lor shipping 
and handling 

Try it—no obligation. II not delighted, return it with 
in 30 days lor a refund (less shipping) This keyer is 
unconditionally guaranteed lor one year 
To order simply call us toll free 800-647-8660 
and charge it on your BankAmericatd or Master 
Charge or mail us an order with a check or money 
order lor $69 95 plus $2 00 shipping/handling lot 
the MFJ 8043 keyer and/or $29 95 plus $2 00 ship 
ping/handlmg lor the squeeze key 
Don't wait any longer 10 enioy the pleasures ol the 
new MFJ Deluxe Keyer Order today 

CALL TOLL FREE 

800-647-8660 


Write m today lor free catalog of our complete line. 


This NEW MFJ Super Antenna Tuner... 

matches everythin g from 160 thru 10 Meters: dipoles, inverted vees, 
random wires, verticals, mobile whips, beams, balance lines, coax lines. 
Up to 200 watts RF OUTPUT . Built-in balun, too! 


95 







With the NEW MFJ Super Antenna Tuner you 

can run your lull transceiver power output up to 
200 walls RF power output - and match your 
transmitter lo any leedlme from 160 thru 10 Meiers 
whether you have coax cable, balance line, or 
random wire 

You can tune out the SWR on your dipole. 

inverted vee. random wire, vertical, mobile whip, 
beam, quad, or whatever you have 

You can even operate all bands with |ust one 
existing antenna No need to put up separate 
antennas lor each band 

Increase the usable bandwidth ol your mobile 
whip by tuning out the SWR Irom inside your car. 
Works great with all solid slate rigs (like the Allas) 
and with all lube type rigs 


It travels well. too. Its ultra compact size 5x2x6 
inches Ills easily in a small corner ol your suitcase 
The secret ol this tiny, powerful tuner is a wide 
range 12 position variable inductor made Irom two 
slacked toroid cores and high quality capacitors 
manufactured especially lor MFJ For balanced 
lines a 1 4 (unbalanced lo balanced) balun is 
built in Made in USA by MFJ Enterprises 
This beautiful little tuner is housed in a deluxe 
eggshell while Ten Tec enclosure with walnut 
gram sides 

SO-239 coax connectors are provided tor 
transmitter input and coax ted antennas Quality 
live way binding posts are used lor the balance 
line inputs (2). random wire input (1). and ground (I) 
Try it — no obligation. II not delighted, return 


il within 30 days lor a refund (less shipping) This 
tuner is unconditionally guaranteed lor one year 
To order, simply call us toll-tree 800-647 8660 
and charge it on your BankAmericard or Master 
Charge or mail us an order with a check or money 
order lor $69 95 plus $2 00 shipping/handling lo* 
the MFJ I6010ST Super Antenna Tuner 

Don't wail any longer to tune oul that SWR and 
enioy solid QSO's Order today 

MFJ ENTERPRISES 

P. 0. BOX 494 

MISSISSIPPI STATE, MS. 39762 

CALL TOLL FREE. .800-647 8660 
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a second look 

by Jim Fisk 


As more and more amateurs switch to factory-made gear, and as industry uses more ICs and dis¬ 
posable plug-in modules, the life of the dyed-in-the-wool ham homebrewer gets tougher and 
tougher. If you've recently tried any of the construction articles in the amateur magazines, you are 
already well acquainted with the hassle involved in obtaining a few needed components. 

At one time you could drop in at your local corner radio store with a list of parts and the man be¬ 
hind the counter would fill your order. But that was when the vacuum tubes, resistors, and capaci¬ 
tors in your ham gear were the same as those in the family radio. It's not the same anymore — now 
the transistors and ICs in the radios and television sets are designed specifically for that purpose and 
have operating characteristics that are of little use elsewhere. There are exceptions, but they are few 
and far between. 

Another problem that faces the serious home builder is the tremendous variety of transistors and 
ICs available from different manufacturers. Although some types of devices are made by more than 
one company, in most cases the semiconductor manufacturers crank out devices that are completely 
different from those of their competitors. And to add insult to injury, the same device may carry a 
dozen different part numbers: a 2N number, a replacement number, plus special numbers for units 
sold in large quantities to equipment manufacturers. 

There is only one way to combat this lunacy: arm yourself with a good semiconductor cross- 
reference guide and a wide selection of electronic parts catalogs. Tops on the list of replacement 
guides is Howard Sams' Transistor Substitution Handbook available from Ham Radio's Communica¬ 
tions Bookstore. This handy little paper back, which is updated every year, covers practically every 
transistor ever made, from 2N34 to 2N6500, with recommended substitutes. It also covers devices 
from Japan and Europe, as well as replacement types manufactured by Delco, General Electric, 
International Rectifier, Motorola, RCA, Semitronics, Sylvania, and Workman. Most of these manu¬ 
facturers also publish replacement guides, available for the asking from their authorized distributors. 

If you live in a large metropolitan area, chances are that there is an industrial electronics supply 
house that can fill your parts needs. Many of these firms don't advertise because they are not par¬ 
ticularly interested in small quantity sales, but if you show up at their office, they will sell you the 
parts. If you want to find them, pick up your telephone directory and check the Yellow Pages-, look 
under "Electronic Equipment and Supplies." 

If you live out in the sticks, the problem is more difficult, unless you can get into the city. If you 
can't, you must purchase your components through the mail. Allied Electronics is the best bet in this 
case and you can get a catalog from any Radio Shack store. Be sure to get their industrial catalog 
though — the more common entertainment catalog is devoted primarily to CB and hi-fi and lists few 
electronic parts for amateur communications equipment. 

Jim Fisk. W1HR 
editor-in-chief 
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That’s all, Folks! 

All you need for All Mode Mobile, that is. 


All Mode Mobile is now yours in a superior ICOM radio that is a generation ahead of 
all others. The new. fully synthesized IC-245/SSB puts you into FM, SSB and CW 
operation with a very compact dash-mounted transceiver like none you’ve ever seen. 


# Variable offset: Any offset from 10 
KHz through 4 MHz in multiples of 
10 KHz can be programed with the 
LSI Synthesizer. 

9 Remote programing: The IC- 
245/SSB LSI chip provides for the 
input of programing digits from a 
remote key pad which can be com¬ 
bined with Touch Tone* circuitry to 
provide simultaneous remote pro¬ 
gram and tone. Computer control 
from a P1A interface is also possible. 

* a registered trademark of AT&T. 


• FM stability on SSB and CW: 
The IC-245/SSB synthesis of 100 
Hz steps make mobile SSB as stable 
as FM. This extended range of oper¬ 
ation is attracting many FM’ers who 
have been operating on the direct 
channels and have discovered SSB. 

The IC-245/SSB is the very best and 
most versatile mobile radio made: 
that’s all. For more information and 
your own hands-on demonstration see 
your ICOM dealer. When you mount 
your IC-245/SSB you’ll have all you 
need for All Mode Mobile. 
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ICOM WEST, INC. 

Suite 3 

13256 Norlhrup Way 
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(206) 747-9020 
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3331 Towerwood Drive Vancouver BC V5P 3Y9 
Dallas Texas 75234 Canada 
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IMMINENT COMMUNICATOR LICENSE action is being rumored by several industry sources. 
Departing Chairman Dick Wiley's support of the Communicator concept and his reported 
desire to see it realized before he steps down is one very strong agrument; its prob¬ 
able impact on the Personal Radio Division's budget, which will be reviewed shortly 
along with next year's proposed budget, is another. 

It Appears Very Likely that the Communicator license will see some sort of official 
review within the next Few weeks or so. What will come out of that review is another 
question. 

EXISTING AMATEUR TRANSMITTERS WERE "GRANDFATHERED " June 2nd by an FCC modification 
to the first Report and Order on Docket 20777 that had become effective April 15. 

Under the modification all Amateur transmitters and transceivers (but not amplifiers) 
manufactured before April 15 are permanently exempted from the Report and Order's har¬ 
monic and spurious specifications. All Amateur equipment made after April 15 must meet 
the new specs, of course, but existing new equipment made before that date can be mar¬ 
keted until January 1, 1978. Individual Amateurs, however, are still responsible for 
meeting the 40-dB harmonic and spurious specifications of the FCC's first Report and 
Order on Docket 20777 in the operation of their own stations, even though the equip¬ 
ment itself has been grandfathered. The FCC's June 2nd relaxation applied only to the 
sale of non-complying equipment, and users are still expected to use it in such a way 
(with appropriate filters or an antenna tuner) that their stations meet the tighter 
requirement. Officially, the relaxation became effective July 18th. 

UNRETURNED NOVICE EXAMS are still a big problem with the FCC in Gettysburg despite 
the dropping of multiple-exam mailings. Volunteer examiners have a major responsibil¬ 
ity to see that a Novice exam, whether or not the applicant actually takes it, is 
returned to Gettysburg on time. Failure to do so can jeopardize the volunteer examin¬ 
er's own license, and continuation of the present "unacceptable" number of unreturned 
exams could trigger drastic changes in Novice licensing! 

GETTYSBURG RECEIVED A REPRIEVE when a radical personnel cut scheduled for June 10th 
didn't come off. Best news of all is that the previous "temporary” positions the 
people leaving had held are to be made permanent, and those people who have been filling 
the slots so well, will be staying in their jobs and working into permanent status. 

The Reprieve Doesn't solve all of Gettysburg’s problems, however. The Amateur work- 
load continues to increase, and an estimated 10-20 additional people are going to be 
needed if the facility is to keep working smoothly. 

" GUILTY ON TWO COUNTS " was the verdict the jury handed down June 6th in the trial 
of FCC Special Licensing Chief Richard Ziegler ( July Presstop ). One of the original 
four counts of bribery for the issuance of special Amateur callsigns was dropped and 
the jury failed to reach a decision on the second during the two-day trial. 

18-YEAR-OLD GENERAL CLASS , or higher, Amateur license holders were permitted to 
administer Novice exams, effective June 13th. The amendment to Section 97.28(b) of 
the rules came about as a result of a Petition for Rule Making filed by WB4EKC. 

A NEWLY-UPDATED EDITION of the FCC's Amateur Radio Rules, including all Part 97 
changes through March 7, Is now available from the Superintendent of Documents, U.S. 
Government Printing Office, Washington D.C. 20402. It's stock number 004-000-00338-1 
and postpaid price is $1.30. 

EXTENSIVE ELECTRONIC CONTROLS used in 1977 autos are causing RFI problems — a re- 
cent Illinois Bell notice warned that the "cruise control" in 1977 Cadillacs (and pre¬ 
sumedly other GM cars) is sensitive to strong RF fields, which could cause sudden speed 
up or slow down. Some electronic skid control braking systems have locked up from RFI, 
and complete engine failure in fuel-injected engines has been reported by two-meter 
users. 

A BOOKLET PROMOTING CANADIAN Amateur Radio has been published by the Radio Society 
of Ontario, Inc. The very attractive publication is available free to Canadian clubs 
or groups wishing to use it — an SASE to RSO, Box 334, Station U, Toronto, Ontario 
M8Z 5P7 will bring a sample and ordering information. 

COMPUTER VOICE GENERATOR shown at the Dayton Hamvention is being used on 6 meters 
by WB4IVG in Dalton, Georgia. K1ZZ was "its” first contact. 
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DenTron amateur radio products have always 
been strikingly individual. This is the result, 
not of a compulsion to be different, but of a 
dedication to excellence in American crafts¬ 
manship. This dedication now extends to one 
of the worlds finest high performance Military 
amateur amplifiers. 

Luxury styling, however, would not be fully 
appreciated without an exceptional power 
source. The heart of the M LA-2500 is a heavy 
duty, self-contained power supply. 

Compare the MLA-2500. It has the lowest 
profile of any high performance amplifier in the 
world. It's modular construction makes it 
unique, and at $799.50 it is an unprecedented 
value. 

Very few things in life are absolutely uncom¬ 
promising. We are proud to count the DenTron 
M LA-2500 among them. And so will you. 


introducing the new M LA-2500 

rhe linear amplifier beyond compromise. 


MLA-2500 FEATURES 


• 160 thru 10 meters 

• 2000+watts PEP input on SSB 

• 1000 watts DC input on CW, RTTY, or SSTV 

• Variable forced air cooling system 

• Self contained continuous duty power supply 

• Two EIMAC 8875 external-anode ceramic/metal 
triodes operating in grounded grid. 

• Covers MARS frequencies without modifications 

• 50 ohm input and output impedance 

• Built in RF watt meter 

• 117 V or 234 V AC 50-60 hz 

• Size: 5y 2 " H x 14" W x 14" D. 


All DenTron products are made in the U.S.A. 














WHO ELSE BUT KENWOOD CARES ENOUGH TO OFFER FINE AMATEUR RADIO GEAR IN ALL THREE SEGMENTS 
OF THE RF SPECTRUM HF. VHF. AND NOW UHF EQUIPMENT FOR THE NOVICE JUST COMING UP FROM CB TO 
THE EXTRA CLASS OLD TIMER . PORTABLE. MOBILE OR BASE STATION 2 METER OR 6 METER OR EVEN THE 
SPECIAL INTEREST OPERATOR WHO WANTS A KENWOOD QUALITY 450 MHz RIG LIKE THE TR 8300' A DEDI¬ 
CATION TO DESIGNING AND BUILDING THE VERY FINEST EQUIPMENT POSSIBLE A DEDICATION TO INNOVATIVE 

SERVICE POLICY A DEDICATION TO 
EVERY DOLLAR YOU SPEND WHO 
PACESETTER IN AMATEUR RADIO 


•THE TR 8300 IS KENWOOD S NEWEST OFFERING A 450 MHz MOBILE/BASE STATION RUNNING 10 WATTS 
WITH 22 CHANNEL CAPABILITY 


ENGINEERING BACKED BY A SOLID 
GIVING YOU MORE SATISFACTION FOR 
ELSE BUT KENWOOD THE 


































ALTHOUGH EVERY KENWOOD PRODUCT LINE IS CAREFULLY MANUFACTURED. FACTORY TESTED AND TESTED AGAIN 
UPON ARRIVAL IN OUR CALIFORNIA FACILITY. A UNIT MAY NEED SERVICE AT SOME FUTURE DATE. IN ORDER TO 
GUARANTEE THE BEST LOCAL SERVICE NATIONWIDE. KENWOOD HAS CAREFULLY SCREENED AND CHOSEN A 
SELECT GROUP OF DEALERS WHOSE SALES AND SERVICE PERSONNEL ARE THOROUGHLY FAMILIAR WITH KEN¬ 
WOOD PRODUCTS, WHO STOCK THE CORRECT PARTS. WHO ARE KEPT UP TO DATE ON SERVICING TECHNIQUES 
AND WHO. OF COURSE. HAVE THE SOLID BACKING OF KENWOOD S FACTORY TRAINED STAFF. 

WHEN YOU BUY YOUR KENWOOD PRODUCT FROM AN AUTHORIZED KENWOOD DEALER YOU CAN BUY WITH 
CONFIDENCE 


FOLLOWING 
IS A LIST OF 
AUTHORIZED 
DEALERS 

(As of May 31 1977) 


ARIZONA 

Power Communications* 

6012 North 27th Ave 
Phoenix. AZ 8501 7 

A LABAMA 
Long's Electronics 

3521 10th Ave North 
Birmingham AL 35234 

C ALIFORN IA 
Gary Radio 

8199 Clairemont Mesa Blvd 
San Diego. CA 92112 
Ham Radio Outlet 
999 Howard Ave 
Burlingame. CA 94010 
Ham Radio Outlet 
13754 Victory Blvd 
Van Nuys CA 91401 
Henry Radio Inc. 

11240 West Olympic Blvd 
Los Angeles CA 90064 
Henry Radio. Inc. 

931 North Euclid 
Anaheim CA 92801 
Webster Radio 
2602 East Ashlan 
Fresno CA 93726 

COLO RADO 
CW Electronics 

1401 Blake St 
Denver CO 80202 


FLORIDA 

Amateur Electronic Supply 

621 Commonwealth 
Orlando FL 32803 
Amateur Radio Center 
2805 N E Second Ave 
Miami FL 33137 
Grice Electronics 
320 East Gregory St 
Pensacola. FL 32501 

HAWAII 

Lafayette Radio Company 

1111 Me Cully St 
Honolulu HI 96814 

ILLINOIS 

Erickson Communications 

5935 North Milwaukee Ave 
Chicago. IL 60646 
Klaus Radio. Inc 
8400 North Pioneer Parkway 
Peoria IL 61614 

IND IANA 

Graham Electronics 

133 South Pennsylvania 
Indianapolis IN 46240 
Hoosier Electronics 
43 B Meadows Shopping Center 
Terre Haute IN 4 7802 

IOWA 
HI. Inc 

1601 Avenue D 
Council Bluffs. IA 51501 

KANSAS 

Associated Radio Comm 

8012 Conser 

Overland Park KS 66204 


MAINE 

Craig Radio Company 

Route 1 By Pass South 
Kittery ME 03904 

MARY LAND 

Electronic International Service 

11305 Elkin St 
Wheaton MD 20902 
Professional Electronics 
1710 Joan St 
Baltimore MD 21204 

MICHIG AN 

Electronic Distributors 
1960 Peck St 
Muskegon Ml 49441 
Radio Supply & Engineering 
1207 W 14 M.le Rd 
Clawson Ml 48017 
MINNESOTA 
Electronic Center 
127 Third Ave North 
Minneapolis MN 55401 

MISSOU RI 
Ham Radio Center 

8342 Olive Blvd 
St Louis MS 63132 
Henry Radio Company 
211 North Mam St 
Butler MS 64730 
Midcom Electronics. Inc 
2506 South Brentwood Blvd 
St Louis MS 63144 
MONTA NA 
Conley Radio Supply 
318 North 16th St 
Billings MT 59101 
NEW MEXICO 
Electronic Module 
601 North Turner 
Hobbs NM 88240 


NEW YORK 

Adirondack Radio Supply 

185 West Mam St 
Amsterdam NY 12012 

Harrison Radio Corporation 

20 Smith St 

Farmmgdale. L I . NY 11735 
NORTH CAROLINA 
Freck Radio Supply 
252 Patfon Ave 
Asheville NC 28801 
Vickers Electronics 
500 East Main St 
Durham. NC 27702 
OHIO 

Amateur Electronic Supply 

1 7929 Euclid Ave 
Cleveland. OH 44112 
Srepco Electronics 
314 Leo St 
Dayton. OH 45404 
OKLAHOMA 
Derrick Electronics 
714 West Kenosha 
Broken Arrow OK 74012 
Radio Inc 
1000 South Main 
Tulsa OK 74119 
OREGON 

Portland Radio Supply 
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direct output 


two-meter 

synthesizer 

New techniques 
permit the construction 
of a synthesized vhf transmitter 
which does not require 
frequency multiplication 


This article will describe a unique, to amateur 
radio, method of building a two-meter synthesizer. 
Rather than function as a replacement for a crystal, 
direct synthesis generates the desired frequency 
without multiplication. Using ECL, TTL, and CMOS 
integrated circuits, the completed transmitter will 
produce 800 individual frequencies spaced every 5 
kHz between 144 and 147.995 MHz. In addition, a 
local oscillator output, 10.7 MHz above the trans¬ 
mitter, can be used for receiver injection. With a 
phase-locked loop (PLL) ultimately controlling the 
vco (voltage-controlled-oscillator), the frequency 
accuracy is determined by a single crystal. 

Contrary to some synthesizer designs, the receive 
and transmit frequencies in this unit are totally in¬ 
dependent. This eliminates problems when odd fre¬ 
quency splits are encountered. Also, the two fre¬ 
quencies are available as BCD data for further pro¬ 
cessing or for a convenient readout rather than the 
thumbwheel switches. Again, another step into the 
realm of microprocessor-controlled equipment! The 


total cost for this 15-milliwatt exciter and local 
oscillator is approximately 100 dollars. 

frequency generation 

The two-meter fm frequencies are all multiples of 
5 kilohertz; therefore, with an accurately generated 
5-kHz reference frequency, each channel can be pro¬ 
duced through multiplication by using the proper in¬ 
teger (fig. 1). However, there are inherent prob¬ 
lems in this scheme, primarily because no easily pro¬ 
grammed frequency multipliers are available. On the 
other hand, programmable dividers do exist. By in¬ 
serting the correct number of dividers (counters) into 
a feedback loop as shown in fig. 2, we have effec¬ 
tively created a frequency multiplier; this is the begin¬ 
ning of our PLL. Unfortunately, this method has 
several problems. For the output to be exactly on fre¬ 
quency, the difference detector must be driven to 
zero. Therefore, the detector must not have any off¬ 
set; in addition, the error amplifier should have infi¬ 
nite gain. To overcome these problems, a PLL 
uses the phase of the vco as the controlling factor 
rather than its frequency. The phase detector will be 
discussed in more detail later. 

There are two special problems in PLL frequency 
synthesis. Extreme care must be taken in the design 
to prevent the radiation of excessive sidebands and 
spurious outputs. The reference sidebands are 
caused by the vco being modulated at the sampling 
rate of the phase detector. The more difficult (to con¬ 
trol) spurious outputs are caused by close physical 
proximity to the digital logic. Also, the spurs can 
cause birdies in a companion receiver. Proper me¬ 
chanical design, however, has reduced the levels to 
— 55 dB and - 90 dB, respectively. 

programmable divider and prescaler 

Unfortunately, since we are working with a closed 
loop system, any problems in one area are reflected 
in other portions of the circuit. Consider the final out¬ 
put signal; there should be a minimum of buzz or 
hum associated with the signal. Also, the transient 
response (time to settle after a channel change) 
should be small. These problems can be reduced by 

By Jerry Pulice, WB2CPA, 143 Gibson Ave¬ 
nue, Staten Island, New York 10308 
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fig. 1. Block diagram of a basic frequency synthesizer that uses in¬ 
teger multipliers to generate the output frequency. 

using a high performance loop to control the vco. As 
an example consider the PLL shown in fig. 3. With 
the vco prescaled by a factor of 20, the output fre¬ 
quency is determined by 


scaler that divides by 20, N would be 1440 divisions 
at 144 MHz. 

Now, consider a prescaler that can divide by not 
only M, but M + 1 . To maintain the same output fre¬ 
quency, eq. 2 must be rewritten to account for M 
and M +1: 

F ( )i; T = [M(N— A)+(M+ 1)(A)] (0.005 MHz) (4) 

where N = total number of divisions (integer 
number) 

M = prescale factor 
A = number of divisions at Af + / 


Four— 20(N)(0.005 MHz) (1) 

Therefore, the minimum channel spacing will be 100 
kHz instead of 5 kHz. To regain the original channel 
spacing, it would be necessary to divide the refer¬ 
ence by a factor of 20. With a low reference frequen¬ 
cy (250 Hz), the vco must have exceptional stability 



fig. 2. This system eliminates the multipliers and uses more com¬ 
monly available dividers to generate the required integer. 


since it can only be corrected 250 times per second. 
From these facts it can be seen that for best loop per¬ 
formance the digital logic should operate at the high¬ 
est possible frequency. 

TTL logic cannot operate directly at 144 MHz, and 
prescaling by at least 10 is required for any two-meter 
synthesizer. Conventional designs call for a program¬ 
mable divider that can be preset to some number 
other than zero to modify the count length. Regard¬ 
less of the counters toggle speed, this method will 
limit the upper frequency to approximately 15 MHz 
because not enough time elapses during one clock 
cycle to guarantee presetting the counters. It would 
appear that these problems would require the 
reference frequency to be lowered regardless of the 
loop considerations. However, return to eq. 1, which 
is one step beyond the basic form 

Fout= (N)(M)(0.005 MHz) (2) 

where N = integer number 
M = prescale factor 
Rearranging eq. 2 yields 

N= F ° ut (3) 

(M)(0.005 MHz) 

Where N is now the number of divisions required by 
the prescaler and reference frequency. With a pre- 


or 144 MHz = [20(1440 — 0) + 21 (0)] (0.005 MHz) 

Reducing eq. 4 to real components shows that a 
relatively slow counter (divider) can be used to con¬ 
trol a fast two-mode (modulus) prescaler. In other 
words, the slow counter tells the prescaler to divide 
by twenty 1440 times and by 21 zero times. This 
technique is called pulse swallowing. 

If one division though is by 21 instead of 20, eq. 4 
produces 

[20(1440- 1)4-21(1)] (0.005 MHz) = 144 005 MHz 

Therefore, for each division by 21, the vco frequency 
is raised 5 kHz. This relationship will continue each 
time the integer number is changed, producing chan¬ 
nels that are separated by 5 kHz. The use of pulse¬ 
swallowing techniques overcomes the problems of 
vco and reference frequency, permitting the design 
of a vhf synthesizer with a channel spacing equal to 
the reference frequency. 

divider details 

As shown in fig- 4, the programmable divider is 



As shown on this spectrum analyzer photograph, the output is very 
clean from 0 to 200 MHz. The signal frequency is 146 MHz. The low- 
frequency noise is being generated by the rf amplifier on the rf 
board. 
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Spectrum analyzer presentation of the final output. The signal is 
centered at 146 MHz. The left and right edges represent 143.5 and 
148.5 MHz, respectively. The base line is approximately 80 dB down 
from the full output. 

split into a two modulus prescaler and a low-speed 
main counter. In conjunction with the 7474 flip-flop, 
the prescaler will divide by either 20 or 21 , depending 
upon the level on the 95H90s SWALLOW ENABLE 
line. If this line is held high, one output will occur for 
each 21 input pulses. If the line is low, the output will 
be 1 pulse for each 20 input pulses. This output from 
the prescaler section then drives three synchronous¬ 
binary 4-bit counters arranged as a 12-bit binary 
divider. In transmit the counters are reset by U15 at 
14792 and in receive at 15862 by U14. The initial input 
frequency is converted by the 7483s into data that 
presets the binary counters between 0 and 39. 
Assuming a transmit condition, the 14792 count is 
shortened by the amount of preset, 0 to 39. The out¬ 
put of the counter will then occur at 14792 to 14402 
representing 147.9XX to 144.0XX (eq. 2). It's now 
possible to generate any multiple of 100 kHz between 
the two frequency extremes. 

Bit 10242 (pin 12 U13) goes high once per count 
cycle and is used as the 5-kHz output to feed the 
phase detector. This pulse is much wider than the 5- 
kHz pulse at pin 9 of the binary counters and will 



provide a more reliable trigger for the CD4046 phase 
detector. 

Unfortunately, the 100-kHz multiples have not ful¬ 
filled the requirement of 5-kHz channel spacing. Be¬ 
tween 100-kHz increments there are nineteen desired 
channels spaced every 5 kHz. As determined by eq. 
4, each time the prescaler divides by M+l the 
vco frequency will increase by 5 kHz. Using 144.035 
MHz as an example, the prescaler would have to 
divide by M+ 1 seven times and by M, 1433 times. To 
generate the required number of M +1 divisions, 10 
and 5 kHz data, a rate multiplier is used. This device, 
comprised of a series of gates and counters, will 
produce a specific number of pulses on command. 
Controlled by frequency data (144.055 MHz) from 
thumbwheel switches, the rate multiplier will, 
each time it's enabled, generate seven pulses. The 
10242 bit from the binary counters is used to enable 
the multiplier. After 64 clock pulses EN OUT goes low, 
stopping the multiplier at IO 882 . The rate pulses from 
U4 are temporarily held in a D-type flip flop, U2. 
When released, these pulses are synced with the 
next clock pulse and also stretched into a full clock 
period for the SWALLOW ENABLE line. U2 is only en¬ 
abled between counts 10242 and IO 882 , the same as 
the rate multiplier. The RS flip-flop (U3) controls U2. 
A timing diagram is shown in fig. 5. The use of hard¬ 
wired BCD data from the thumbwheel switches 
prevents the rate multiplier from generating more 
than 19 pulses for the prescaler. 

voltage controlled oscillator 

One of the main criteria for vco design is that it 
be stable by itself. This synthesizer uses the Motorola 
MCI648 ECL logic oscillator (fig. 6). Of its many fea¬ 
tures, most important is its use of an external LC net¬ 
work as the frequency determining element. This 
type oscillator has less phase jitter than the RC 
switching oscillators (NE566 or MC4024). 

The tank circuit consists of a Motorola MVI09/209 
varactor diode and a tuned line made from 3 inches 
(7.6mm) of miniature Teflon coax (RG-17U). This 
combination is extremely effective in combating the 
microphonics that plague other configurations. You 



fig. 3. Block diagram of tha basic phase locked loop system. With a vco that runs greater than about 50 MHz, a prescaler is required for the loop. 
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fig. 4. Schematic diagram of the digital board. The prescaler section contains the 95H90 and the dual-D flip-flop. Pin 2 . SWALLOW ENABLE, controls 
whether the prescaler is in the divide by 20 or 21 mode. The 0.001 /tF capacitor connected to pin 5 of U1 should be mounted close to the 1C. The 
V cc line requires bypassing with several values of capacitors to eliminate any switching transients from appearing on the line. Low-power 
Schottky ICs have been tested, and are recommended for replacement of the 74161/163, 7483, 74157, 7430, and 7474. When transmitting, the line 
marked TX should be grounded. 


can substitute any combination which will tune from 
144 to 159 MHz with a tuning voltage of not less than 
2.5 volts nor more than 10.5 volts. 

The MC1648 drives three rf amplifiers in parallel. 
Each stage is untuned and delivers at least 20 milli¬ 
watts into a 50-ohm load. Even though hand-wound 
transmission line transformers are used, the lack of 
tuning makes the boards less prone to parasitics. 
One output drives the digital logic, another is used 
for the receiver local oscillator, and the last drives 
the transmitter. In this case, the "transmitter" is 
nothing more than additional power amplifiers. 

A CMOS CD4046 is used as a frequency/phase 


detector. During a channel change, it departs from 
true phase lock and forces the vco to slew back to 
the correct frequency. When this point has been 
reached, the CD4046's output becomes a series of 
pulses with a duty cycle that is proportional to the 
phase difference. As soon as the phase difference 
also reaches zero, the output from the CD4046 enters 
a third state that effectively disconnects it from the 
loop amplifier. When correction is needed, the detec¬ 
tor switches into the appropriate state. 

The advantages of the CD4046 over a simple phase 
detector are many. Among these are the faster re¬ 
sponse to large channel changes and also lower 
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reference frequency sidebands in the rf output. A 
simple digital phase detector has a square-wave out¬ 
put with a 50 per cent duty cycle when locked. This 
represents no dc output so no further frequency 
change is required. However, there is a large ac out¬ 
put at the reference frequency which can be difficult 
to remove. In the design presented here, a locked 
condition is signalled by an open circuit from the 
detector which considerably simplifies the loop 
amplifier design. In practice the phase detector can¬ 
not operate at a zero phase difference and it has been 
set to produce an output pulse of approximately 5 
per cent duty cycle. 

The CD4046 drives a loop amplifier consisting of a 
MC1458V dual-operational amplifier. Despite what 
some articles on PLL would lead you to believe, more 
than just a lowpass filter is needed for optimum re¬ 
sults. The first op amp could be classed as an inte¬ 
grator, but it also provides three time constants 
which insure stability of the loop. The second op 
amp is a simple 12 dB/octave lowpass filter which 
reduces the 5-kHz ripple on the tuning voltage. The 
simpler approach of using a lowpass filter versus a 
notch filter is justified since the performance im¬ 
provement is very small. 

The 5-kHz reference frequency is generated by the 
CMOS CD4060. This 1C contains a 14-stage binary 
divider and three inverters for use as a crystal oscil¬ 
lator. The only other parts required are a parallel- 
resonant crystal and a few resistors and capacitors. 
The trimmer adjusts the crystal exactly to frequency 
and sets the final output accuracy. 

audio 

To produce direct fm, the audio is summed with 



This spectrum analyzer photograph shows the output within 50 
kHz of the center frequency. The 5-kHz sidebands can be seen to 
be 54 dB down from full output. 


the tuning voltage after the op amps. The following 
requirements should be adhered to: 

1. Audio compression and/or limiting should be used 
to hold constant deviation level. 

2. Employ rapid rolloff past 3500 Hz to keep the 
radiated bandwidth narrow. 



fig. 5. Programmable divider timing diagram. This diagram rep¬ 
resents a frequency of 14X.X10 MHz. 

3. Use standard 75 nsec pre-emphasis (fig. 7). This 
is direct fm and the audio will sound muffled if pre¬ 
emphasis is not included. The pre-emphasis should 
be applied after the clipping and filtering. There 
should be 1 volt p-p available after preconditioning 
the audio. As a warning, the vco has a sensitivity of 
5 MHz/volt. Therefore, it only takes 1 mV of noise in 
the system to make this synthesizer useless in a nar¬ 
rowband fm system. Ground noise, loops, and prox¬ 
imity to other systems can also cause problems. The 
vco assembly must be housed in a completely sealed 
metal box. Diecast aluminum boxes are the best. 
Attempts at ultimate miniaturization will only pro¬ 
duce 5 kHz whine, and possibly 60 Hz hum on the 
signal. 

circuit board checkout 

Digital card. The initial testing of the digital board 
can be done at a frequency that will allow the pulses 
to be seen without relying on a high performance 
oscilloscope. An approximately 0.8 V p-p, 10-MHz 
signal should be injected into pin 1 of the 95H90. 
With power applied, the prescaler will run warm and 
total current drain will be about 600 mA for standard 
TTL. The complementary output pins, eight and 
nine, of the 95H90 should show an ECL level square- 
wave (3.3V to 4.1 V). The waveform will alternate be- 


14 03 august 1977 





tween one tenth and one eleventh of the input fre¬ 
quency, which will cause blurring of the oscilloscope 
display. With the rest of the prescaler section work¬ 
ing properly, the binary counters (U11-U13) will have 
a clock input on pin 2 that alternates between 1 /20 
and 1/21 of the input signal. If multiples of 100 kHz 
are selected, the input to the binary counters will be 
1/20 of the input frequency; otherwise blurring will 
occur. 

When it has been confirmed that the prescaler is 
functioning properly, the divide by M+/ function 
can be disabled by applying 5 volts to pin 3 of the 
95H90. If gates U14 and U15 are operating correctly, 
a narrow negative-going pulse will appear on pin 9 of 


the binary counters. This pulse is used to load the bi¬ 
nary counters after each cycle has been completed, 
14792 f° r transmit and 15862 f° r receive. The ratio of 
the pulses at pins 2 and 9 of U11-U13 will correspond 
to the channel selected, 1440 to 1479. If the transmit 
line is high, 107 will be added to the ratios. This pro¬ 
cess can be extended to the entire programmable 
counter. With the 95H90 input as B and the pulses at 
pin 9 of the counters A, the ratios will be: 

144.00 MHz Transmit B/A-28800 
144.005 MHz Transmit B/A -28801 
146.940 MHz Transmit B/A-29388 
146.940 MHz Receive B/A-31528 
147.995 MHz Receive B/A-31739 


+ I2V- 15V 



fig. 6. Schematic diagram of the rf circuitry for the synthesizer. All resistors are % watt; the eiectroiytics are dipped radial lead tantalums. The 
coax line can be replaced with 3 turns of number 22 AWG (0.6mm) wire. It should initially be wound to be V* -inch (0.6mm) in diameter. The final 
configuration will be dictated by the required tuning voltage vs tuning range. The rf transformers are 6 to 7 turns of number 28 AWG (0.3mm) 
twisted pair wound on a T2S12 core. The 2.2k resistors across the transformers are soldered on the back of the printed circuit board. 


august 1977 GO 15 















Rf Board. With power applied to the board from a 
12-15 volt supply, the current drawn should be 60-75 
mA. Check for the desired voltages on U16-U19 as 
shown on fig. 6. Testing of the vco and associated 
amplifiers will start at the vco and work back to the 
crystal oscillator. I recommend the Motorola MV109/ 
209 varactor diode because of its wide AC range. 
This allows the vco to tune from 144 to 159 MHz with 
an input voltage of 2.5 to 10.5 volts. For test pur¬ 
poses only, the voltage can be supplied by a small 
adjustable supply connected to the test point just 
prior to the second op amp. Since the op amp has 
unity gain, correct operation of the vco can be deter¬ 
mined from this point. 

The integrator, first half of the MC1458, can be 
tested by grounding its inverting input. The vco 
should swing to at least 159 MHz when the junction 
of the two 22k resistors (integrator test point) is 
grounded. Conversely, it should move to below 144 
MHz when 5 volts is applied to the same point. 

At pin 4 of U16 there should be a 40-kHz square 
wave that can be used to set the crystal on frequen¬ 
cy. By using the 125th harmonic of the 40-kHz signal, 
the crystal can be zero beated against the 5-MHz 
WWV frequency standard. The phase detector re¬ 
quires a 5-kHz input that is TTL compatible. 

To test the phase detector, connect an NE555, 
or similar, oscillator to the 5-kHz pulse input on the 
rf board. With a pulse frequency less than 5 kHz, 
the vco should be driven to its lower frequency 
limit. If the pulse frequency is decreased below 5 
kHz, the vco should swing to its upper limit. At this 
point the boards can be connected together forming 
an almost complete synthesizer. 


OlpF 



fig. 7. Schematic diagram of a standard 75 /tsec pre-emphasis net¬ 
work. 


Switches. Due to the method of generating the cor¬ 
rect presets for the binary counters and inputs to 
the rate multiplier, two forms of input data were 
used, BCD and BCD. The information for the 10-kHz 
frequencies is in the normal BCD form, while that for 
the 100 kHz and MHz is BCD. Using the basic 
premise that an open on a line is equivalent to a 
digital 1 (high) the appropriate switches can be 
selected. It should be remembered that a BCD 
switch, not a BCD switch, produces four open 
circuits for a BCD zero. Regardless of the switch type 
you select, to use the switch in its true form connect 


the common terminal to ground and pull the four 
outputs to 5 volts through 4 to 10-kilohm resistors. 
To complement the switch, connect the common 
lead to 5 volts and pull each output to ground 
through 270-ohm resistors. Table 1 shows the cor¬ 
rect BCD input information. To add 5 kHz to the out¬ 
put frequency, the 5-kHz line should be taken high 
( 1 ). 

The complete synthesizer can now be tested. The 
appropriate inputs and outputs on the two boards 
can be connected with lengths of either miniature 
coax or twisted-pair cable. A small 12-volt lamp can 


table 1. Synthesizer truth table 


1 MHz 

B A 

100 kHz 

D C B A 

10 kHz 

D C B A 

144 

0 0 

0.0 

1111 

0.0 

0 0 0 0 

145 

0 1 

0.1 

1110 

0 1 

0 0 0 1 

146 

1 0 

0.2 

110 1 

0.2 

0 0 10 

147 

1 1 

0.3 

110 0 

0.3 

0 0 11 



0.4 

10 11 

0.4 

0 10 0 



0.5 

10 10 

0.5 

0 10 1 



0.6 

10 0 1 

0.6 

0 110 



0.7 

10 0 0 

0 7 

0 111 



0.8 

0 111 

0.8 

10 0 0 



0.9 

0 110 

0.9 

10 0 1 


be attached to the LOCK DETECT terminals. Since 
this is only a test, the output will not be very clean 
and the signal should not be put on the air. Connect 
one rf output to a frequency counter and terminate 
the third in 50 ohms. When power is applied to both 
boards the lamp should flash once and the synthe 
sizer should be on the correct frequency. If the syn¬ 
thesizer does not lock at all, the lamp will remain lit. 

troubleshooting 

If there are problems, a return to the circuit board 
checkout phase might be appropriate. Remember 
that this is a feedback system and trouble in one sec¬ 
tion can cause apparent difficulty in another. A good 
way to troubleshoot the unit is to clamp the tuning 
voltage at some fixed value from an external power 
supply. If the vco will not tune within the desired 
range, lock cannot be achieved. 

A more subtle problem is a locked synthesizer but 
with the output on the wrong frequency. The cause 
of this problem will be found on the digital board, as¬ 
suming the initial 5-kHz signal is correct. Make sure 
that the components are soldered on each side of 
the printed-circuit board. Unless plated-through 
holes are used, it may be difficult to solder sockets 
on both sides of the board. One solution is to use 
Molex pins, another is to mount the sockets over 
spacers. If the synthesizer is still off frequency, 
observe the pattern of the errors. 

1. No channel spacing less than 100 kHz. This means 
that the divide by 21 function of the prescaler is not 
being enabled. Start at pin 2 of the 95H90 and work 
back to pin 6 of the rate multiplier (U4). 
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fig. 8. Circuit board layout for the digital board. The top diagram shows the foil pattern for the 
top of the board, while the other side of the board is shown at the bottom. 
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2. Constantly high frequencies. The divide by 21 tea 
ture is being enabled too long. 

3. Constant error in hundreds of kHz could mean that 
a 7483 full adder is faulty. They convert the BCD 
data into a binary code. 

4. An output that is correct only on alternating binary 
increments means that a bit has been dropped be¬ 
tween the 7483s and the preset inputs of the coun 
ters. For example, 144.000 to 144.200 is correct, 
144.200 to 144 400 is wrong, and 144 400 to 144.600 
is correct, etc. 

5. If one of the 7430s (U14 or U15) is bad, either all 
thfe transmit or all the receive channels will be off. 

Substitution is the best method of checking the ICs. 
You can save enormous amounts of time by mount¬ 
ing them in sockets, except the MC1648 and 95H90. 
If you don't have adequate test equipment, use a sig 
nal generator at a lower frequency to test the digital 
board. 

synthesizer related problems 

With the techniques used to generate this type of 
synthesized equipment, there can be many problems 


that are system oriented. Some areas may require a 
look at the overall performance before the basic 
problem can be solved. 

1. Sidebands at the TTL clock rate are caused by in¬ 
sufficient isolation between the circuit boards. If 
these sidebands are radiated by your transmitter, 
they are illegal; they will appear at the output fre¬ 
quency divided by 20, 144 00 ± 7.2 MHz, ± 14.4 MHz 
±21.6 MHz, etc. The general cure for this type of 
problem is to put the rf board into a sealed metal box 
(leads that enter the box should go through 0.001 *iF 
feedthrough capacitors). 

2. This synthesizer delivers 10 kHz p-p deviation with 
less than 0.2 volt input so it will be prone to over¬ 
modulation. The deviation can be set quite easily 
if you make use of the synthesized local-oscillator 
output. With this output connected to a receiver, 
modulate the synthesizer until the audio level is the 
same as a local repeater. It doesn't matter to the 
discriminator whether its's the actual incoming signal 
that is being modulated or the local oscillator. For 
normal operation though, use a relay contact to short 
out the audio line during receive periods. Otherwise, 
audio feedback will occur. 
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fig 9 Component placement for the digital board 
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fig. 10. Circuit-board layout for the rf board. The top of the board is shown at the left and the bottom at the right. 


3. Sidebands at 5 kHz cause annoying whine in your 
receiver and will be transmitted as well. Any 
sidebands experienced are caused by the physical 
placement of the rf board. Also, the shield between 
the portions of the board must be in place. This can 
be made from a piece of double-sided printed-circuit 
board. The output of the digital board must enter 
the enclosure through the resistor and capacitor 
combinatigns shown on the schematic diagram 
(fig. 4). 

4. Receiver birdies are possible if the programmable 
divider is not shielded. Microphonics are not a prob¬ 
lem and the enclosure does not have to be some type 
of sealed box. To avoid the problem of many feed¬ 
through capacitors for the digital switches, I suggest 


that you mount the switches inside this box. 

If you follow the previous suggestions, a clean 
transmitter should be no problem. I use four amplifier 
stages to directly increase the output to 40 watts. 
The LOCK DETECT output should be used to prevent 
keying the transmitter if the synthesizer is 
running wild. 

receiver interfacing 

To be entirely free of birdies, on-channel spurious 
radiations must be on the order of 100 dB below the 
local-oscillator level. Achieving this requires constant 
attention to smalll details such as shielding, removal 
of ground loops, and maintaining isolation. Certain 
receiver designs can give you perhaps 20 dB margin 
against such birdies (this assumes the birdies are 
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TC PULSE INPUT 
AUDIO IN (SHIELDED) 

99 99 



LO OUT 


EXCITER OUT I 


RF OUTPUT 
TO O- 

DIGITAL BOARD 


40KHlOUT 


>-2N2857 (X3J 
SOLDER CASE 
LEADTO GROUND PLANE 


fig 11 Parts placement diagram for the rf board The resistor across the toroids is mounted on the rear of the board 


produced by the local oscillator and not radiated into 
the frontend). 

A product or balanced mixer has the ability to re¬ 
ject certain forms of noise near the local-oscillator 
frequency. If you are contemplating the design of a 
companion receiver, think twice before going with 
the now standard dual-gate MOSFET mixer. A better 
choice might be a JFET mixer using a device such as 
the high l rt5S U310. A single-balanced mixer with this 
transistor will have a wider dynamic range as well as 
significant local oscillator noise rejection. These 
items are important when operating in urban areas, 
or when trying to achieve 0.2 /iV sensitivity on all 
channels. 

No matter what first mixer configurations you 
select, two old design rules still apply. 

1. Set your mixer so that conversion gain does not 
increase if you raise the local-oscillator power. If it 
does, the local-oscillator port is not saturated and the 
receiver will be overly sensitive to birdies and noise 
from the synthesizer. 

2. The input ports of the first mixer should see only 
the minimum necessary bandwidth. If you don't 
filter the i-f output, you'll have no selectivity, obvi¬ 
ously. Image and intermod problems will occur if the 
rf input isn't filtered. This includes both sides of the 
rf amplifier. If the local oscillator isn't filtered, you 


will have a severely degraded mixer noise figure. This 
applies more to single-ended mixers. Such a mixer 
acts as a high-gain amplifier to i-f frequency signals 
injected into either input. The solution is a highpass 
filter or, preferrably, a tuned circuit with a moderate 
loaded Q in the injection line. The tuned circuit 





Photograph of the completed synthesizer The rf circuitry is housed 
in the cast aluminum box on the right. The digital portion of the 
synthesizer is on the left 


serves the dual purpose of voltage transformation as 
well which can be useful in gate-driven fet mixers. 

The previous comments should enable you to build 
a transceiver equal in all respects, except one, to a 
crystal-controlled unit. The final problem area is 
ultimate receiver selectivity. The noise sidebands of 
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the MC1648 do not fall off quite as fast as those of a 
well designed discrete vco. The difference is slight 
and transmitter performance is uneffected. Residual 
audio fm measures less than 100 cps in this design. 
However, adjacent channel rejection in the receiver 
will be degraded. In normal operation, crystal- 
controlled equipment would be able to maintain DX 
communications within 10 kHz of a repeater channel. 
This design will require a spacing of about 15 kHz 
from the active channel. The difference is not notice¬ 
able unless your receiver has a good quality i-f filter 
and the shielding necessary to make full use of it. 
Also, you'd have to check closely to notice the diffe¬ 
rence. It is worth mentioning that Heathkit chose the 
same vco for their down-converting multiple-crystal 
synthesizer; they were able to attain a 30-kHz selec¬ 
tivity of 60 dB minimum. 

convenience options 

Because the synthesizer has the BCD frequency 
data available at all times, some other type of display 
can be connected. It would be much easier to see a 
seven-segment display in the dark than the thumb¬ 


wheel switches. In fact, you do not need switches at 
all. The channel information could be generated by a 
circuit that would scan a frequency range until a 
signal is detected. The combinations are almost end 
less. Remember though, both BCD and BCD data is 
required. 

conclusions 

I hope that this article has removed some of the air 
of black magic that seems to have been associated 
with frequency synthesizers in the past. Unlike other 
articles, this one was concerned with how to get the 
radio to work, what you can expect to go wrong with 
it, and what you can do about it. Most of the litera¬ 
ture on synthesizers has been an endless tirade about 
Laplace transforms and loop stability. These are im¬ 
portant, but a critically damped response and the as¬ 
sociated theoretical model by themselves only make 
a good BSEE senior term paper. This unit has been 
on the air for a year at WB2CPA, and successful 
duplication should not pose a problem to a rea¬ 
sonably competent amateur. 

ham radio 


TS-1 MICROMINIATURE ENCODER-DECODER 



COMMUNICATIONS SPECIALISTS 

P.O. BOX 153 
BREA, CALIFORNIA 92621 
(714) 998-3021 


Wired and tested, complete with 
K-l element 

$59.95 


K-l field replaceable, plug-in, frequency 
determining elements 

$3.00 each 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


□ 


Available in all E1A standard tones 67.0 Hz -2035 Hz 
Microminiature in size, 1.25x2.0x.65"high 
Hi-pass tone rejection filter on board 
Powered by 6-16vdc, unregulated, at 3-9ma. 

Decode sensitivity better than lOmvRMS, bandwidth, ±2Hz max, limited 
Low distortion adjustable sinewave output 
Frequency accuracy, + 23 Hz. frequency 
stability ±.lHz 

Encodes continuously and simultaneously 
during decode, independent of mike 
hangup 

Totally immune to RF 
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how to design 

Yagi antennas 


Discussion of a new 
Yagi design method, 
developed at the 
National Bureau of Standards, 
which allows you 
to design Yagis 
for your own 
operating requirements 
with optimized, 
reproducible gain characteristics 


Have you ever wondered how to design a really 
good Yagi for your own requirements rather than 
just guessing, or using an existing design? If so, this 
article should be just what you are looking for. By 
using the information presented here you can design 
your own optimum Yagi for any frequency, from hf 
through uhf, with booms up to4.2 wavelengths long. 

Up until now, there has been little design informa¬ 
tion for Yagi antennas in the amateur literature. 
Kmosko and Johnson 1 designed a 13-element Yagi 
at 144 MHz but gave information only on that 
specific model. Greenblum 2 provided ranges of de¬ 
sign values but was not specific as to exact sizes. 
The tables from Greenblum's article have appeared in 
recent ARRL VHF Handbooks and Antenna Hand¬ 
books, and several amateurs have reported good cor¬ 
relation using the mean values specified. Recent arti¬ 
cles in the professional journals (such as the IEEE 
Professional Group on Antennas and Propagation, 
and others) have published computer-aided designs, 
but specific cook-book information is not available. 

Now, for the first time, a straightforward approach 
to Yagi designs of various sizes and gains is 
available. 3 It is the result of an exhaustive study by 
the National Bureau of Standards in the early 1950s 
to explore all the major antenna types (Yagis, corner 
reflectors, rhombics, etc.) suitable for use on vhf 

By Joseph H. Reisert, Jr., W1JR, 17 Mans¬ 
field Drive, Chelmsford, Massachusetts 01824 
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fig. 1. Gain in dB of a driven element and reflector for different 
spacings between elements. 


ionospheric scatter. The NBS report tabulates all the 
design information necessary to construct six dif¬ 
ferent boomlength Yagis (this portion of the project 
took nine man years to complete). The only known 
amateur use of these data are the W0EYE 432-MHz 
Yagi 4 and several unpublished Yagi designs by 
W0PW (ex W0EYE) and W1 JR. 

This NBS report shows the interrelationship be¬ 
tween director and reflector diameters, lengths, and 
spacings, as well as the effects of a metal supporting 
boom. Optimum designs and gains for various boom- 
lengths from 0.4 to 4.2 wavelengths are shown along 
with nomographs for designing a Yagi for your own 
operating requirements. Those readers who are in¬ 
terested in all the specifics will find the NBS publica¬ 
tion invaluable. This article will highlight the results 
and present all the information necessary to design 
such Yagis; several working design examples will 
also be discussed. 

reflectors 

During the NBS investigation into optimum Yagi 
design, various reflector lengths and spacings were 
tried on a two-element Yagi. As can be seen from 
fig. 1 , maximum gain is 2.6 dBd, peaking broadly at 
0.2X behind the driven element. Hence, all the Yagi 
designs presented here are optimized using this 
reflector spacing. 

The NBS engineers tried various other reflector 
configurations in order to realize any possible in¬ 
crease in gain. The trigonal configuration shown in 
fig. 2 yielded the maximum increase, 0.75 dB over a 
single reflector, when tested on a Yagi 4.2X long. It 
should be applicable to the other designs and may be 
desirable if high front-to-back ratios are desired. 


The heart of any Yagi design is the director. Exten¬ 
sive tests have shown that the diameter, length, and 
spacings are all interrelated. Also, it should be 
pointed out that these parameters become increas¬ 
ingly critical as the number of directors (and hence 
the boomlength) increase. 

NBS tested various director lengths using spacings 
of 0.01 to 0.40X on booms to 10X long. Plots of these 
combinations show that there are optimum spacings 
for maximum gain. As the boomlength is increased, 
the optimum director spacing also increases. In addi¬ 
tion, the gain of the antenna can be further increased 
if the length of each director is carefully chosen. It is 
noted that the diameter of the element affects its 
length, thicker directors being shorter than thinner 
ones. A comparison of maximum gain versus 
boomlength for uniform and optimized length direc¬ 
tors is shown in fig. 3. Those readers desiring fur¬ 
ther information are referred to A IBS Technical Note 
688 .3 

A set of optimum director and reflector lengths 
normalized to 0.0085X diameter elements is 


table 1. Optimized lengths of parasitic elements for Yagi antennas 
of six different lengths (reflector spaced 0.2\ behind driven element, 
element diameter 0.0085X). 

Length of Yagi in Wavelengths 


0.4 

0.8 

1.20 

2.2 

3.2 

4.2 

Length of 0 482 

Reflector, X 

0.482 

0.482 

0 482 

0.482 

0.476 

1st 0.442 

0.428 

0.428 

0 432 

0.428 

0 424 

2nd 

0 424 

0.420 

0.415 

0.420 

0 424 

3rd 

0.428 

0 420 

0.407 

0.407 

0.420 

4th 


0.428 

0.398 

0.398 

0.407 

5th 



0.390 

0.394 

0.403 

6th 



0 390 

0.390 

0 398 

7th 



0.390 

0.386 

0.394 

8th 



0.390 

0 386 

0 390 

9th 



0.398 

0 386 

0.390 

10th 



0.407 

0 386 

0.390 

11th 




0.386 

0.390 

12th 




0 386 

0.390 

13th 




0.386 

0.390 

14th 




0.386 


15th 




0 386 


Spacing be¬ 
tween direc- 0 20 
tors.in X 

0.20 

0 25 

0 20 

0.20 

0.308 

Gain relative to 
half-wave di- 7.1 
pole, dB 

9.2 

10.2 

12.25 

13.4 

14,2 

Design curve 
(see fig. 4) 

(Cl 

(C) 

(B) 

(Cl 

(D) 


presented in table 1. These data, with respective 
gains noted, yield optimum performance for the six 
boomlengths which are shown. If a different element 
diameter is desired (isn't that always the case?), the 
elements can be scaled by using the nomograph in 
fig. 4. Element diameters from 0.001 to 0.04X can be 
easily scaled as will be discussed later. 
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© 
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LR3* 0 473X 


LR2 

fig. 2. Trigonal reflector arrangement (three reflector elements), 
when used with 4.2X Yegi, provides 0.75 dB increase in gain (lengths 
not corrected for boom thickness). 


The element data presented in the NBS report is 
based on an air boom which, in the original tests, 
was simulated by a triangular plexiglass structure. 
After optimization was completed, various booms 
and materials were tested to check the effects of the 
test boom. All measurements verified that the 
designs tested on plexiglass were optimum in an air 
dielectric. However, attempts to repeat these results 
using wooden booms were dismal. According to 
Peter Viezbickie, the author of the NBS report, 
changes in moisture and directivity due to the 
wooden booms made repeatability almost impossible 
despite various coatings applied to the wood. 

Metal-boom Yagis were entirely repeatable if the 
elements were lengthened to compensate for the 
boom structure. At first glance, it may seem that a 
constant factor could apply. However, tests con¬ 
ducted by NBS showed that small diameter booms 
(with respect to wavelength) had less effect on ele¬ 
ment lengths than larger booms. These data are plot¬ 
ted on fig. 5 for boom diameters up to 0.04X. Tests 
also showed that, for correction purposes, the effect 
of square and round booms were identical. 

feed systems 

Detailed feed systems are not discussed in the 
report. On most tests, a folded dipole using a 4:1 
half-wavelength coaxial balun was followed by a stub 
tuner. However, any of the usual feed systems can 
be used. 5 Reference 6 describes how to test these 
matching systems. 

patterns 

Finally, the NBS report shows radiation patterns 
for the E and II planes. For the sake of brevity, only 
the patternsfor the 1,2X and 4.2X Yagis arepresented 
in this article (see figs. 6 and 7). You will note the 
symmetrical pattern, the low side lobes, and the high 


front-to-back ratio, all characteristics of a well- 
designed Yagi antenna. 

Tests made by W6FZJ and W0EYE on a 15- 
element, 4.2X Yagi for 432 MHz, designed with the 
method described in this article, showed that the 
antenna had about 1% vswr and 1 dB gain band¬ 
width, slewed to the low-frequency side of the center 
design frequency; performance above the center fre¬ 
quency fell off quite rapidly. It is estimated that the 
gain and vswr bandwidth for the 1.2X Yagi is about 
2%. It should be pointed out that the bandwidth of a 
Yagi is quite often limited by the matching and feed 
system, not by the basic Yagi design. In this respect 
most amateur beams use narrowband feed systems 
compared with Yagis designed for use in commercial 
service. 

designing a yagi antenna 

We will now proceed to design a 1,2X Yagi for 50.1 
MHz, a 2.2X Yagi for 205 MHz, and a 4.2X Yagi for 



OVERALL LENGTH ,1N WAVELENGTHS,OF DIFFERENT YAGIS 


fig. 3. Gain comparison of different length Yagis, showing the rela¬ 
tionship between directors optimized in length to yield maximum 
gain, and directors of optimum uniform length. jV is the number of 
directors; S is the spacing between directors (reflector spaced 
0.2X on all antennas). 


432 MHz to demonstrate how the NBS design 
material can be used. I actually built and tested each 
of these designs to verify the validity of the design 
data. In all cases the performance of the finished 
antennas matched the results reported by NBS. 

The first step in any design is to choose the desired 
gain, compare it with the designs in table 1 , and see 
if the stated boomlength is within the desired Tange. 
Next, the element diameter should be chosen to fall 
within the specified ranges (0.001 to 0.04X) on the 
design nomograph, fig. 4. Finally, the boom or sup¬ 
porting structure should be chosen. 
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fig. 5. Graph showing the effect of a supporting metal boom on the length of the parasitic elements. 


Example 1 . It is desired to build a 6-meter Yagi with 
10.2 dBd gain, using 0.5 inch (13mm) diameter ele¬ 
ments mounted on insulating blocks above a 1.5 inch 
(38mm) diameter boom. This is the 1.2X design in 

table 1. 

The formula for wavelength is 



AZIMUTHAL ANGLE,DEGREES 


L _ 11803 
F 

(inches) 

(1) 

L _ 29980 
F 

(cm) 

(2) 


in MHz 


where L = length 

F- frequency 

Frequency 

Wavelength 

Element diameter 
(d/X) 

Reflector spacing 
Director spacings 
Boom diameter 
Overall length 


50.1 MHz 

235.6 inches (5.98 
meters) 

0.0021 X 

47 inches or 120 cm 
(0.2X) 

59 inches or 150 cm 
(0.25X) 

not important, dis¬ 
cussed later 
283 inches (approxi¬ 
mately 24 feet) or 7.2 
meters (1.2X) 


fig. 6. Radiation patterns of a 6-element, 1.2X long Yagi, built with 
the dimensions shown in table 1. Beamwidth of the F. plane is 40 de¬ 
grees; H plane beamwidth is 42 degrees. 


1. Plot the lengths of the parasitic elements for the 
1,2X design from table 1 on the design nomograph 
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fig. 7. Radiation patterns of a 15-element, 4.2X long Yagi. Beam- 
width of the F plane is 26 degrees; H plane beamwidth is 29 
degrees. 


(see fig. 8) for parasitic elements with a diameter, 
d/X = 0.0085X. 

Lr = 0.482X 
Ldi = Ld4 = 0.428X 
l-D2 = Ld3 = 0-420X 

2. However, our element diameters are 0.0021X so 
the element lengths must be adjusted. Draw a ver¬ 
tical line from 0.0021 X on the horizontal axis on the 
nomograph. This intersects the compensated 
lengths for the reflector and directors 1 and 4: 


When I built this antenna I decided to use large ele¬ 
ment insulating blocks which I purchased from Swan 
Antennas (now KLIM). Therefore, it wasn't necessary 
to put the elements through the boom. Since the 
wavelength is long with respect to the chosen boom 
diameter, I didn't feel that any boom correction was 
necessary. This was verified by subsequent tests. 
When the boom diameter represents a substantial 
portion of the operating wavelength, however, a cor¬ 
rection for the boom diameter is required; this will be 
discussed in example 3. 

The reflector and director lengths for the 50.1 -M Hz 
Yagi are as follows: 


Reflector 
Director 1 
Director 2 
Director 3 
Director 4 


0.488X= 115 inches (2.92m) 
0.451 X= 106.25 inches (2.70m) 
0.446X= 105.06 inches (2.67m) 
0.446X= 105.06 inches (2.67m) 
0.451 X= 106.25 inches (2.70m) 


The approximate length of the driven element can be 
calculated from 


L = 

L = 


5500 

F 

13970 
F ~ 


(inches) 


(cm) 


(3) 

(4) 


where L- length 

F= frequency in MHz 


Lr- = 0.488X 
Ldi'=Ld4' = 0-451X 

3. Using a pair of dividers (or a compass), measure 
the distance between director 1 (D1) and director 2 
(D2) determined in step 1. Transpose this distance 
from the point established in step 2 to the left along 
the 1.2X Yagi curve to 0.0021 X to determine the com¬ 
pensated length for directors 2 and 3: 

Ld2' = Lq3' = 0.446X 



fig. 8. Use of the Yagi design curves (fig. 4) to determine the element 
lengths for a 6-element, 50.1-MHz Yagi on a boom 1.2X long (see 
example 1 in text). 


Therefore, at 50.1 MHz, the length of the driven ele¬ 
ment is 109.75 inches or 2.79 meters. For simplicity I 
decided to use a gamma match and to attach the 
driven element to the boom with a U bolt. During the 
matching adjustments the driven element was short- 



fig. 9. Layout of a 6-element Yagi for 50.1 MHz on a 1.2X boom. All 
elements are !4 inch (13mm) OD aluminum tubing, mounted on 
insulating blocks attached to a Yh inch (38mm) OD aluminum 
boom. The gamma capacitor is approximately 12 inches (30cm) of 
RG-8/U coaxial cable with the outer jacket and shield removed, 
then inserted in a 3/8-inch (10mm) diameter tube. 
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fig. 10. Use of the Yagi design curves (fig. 4) to determine the para¬ 
sitic element lengths for a 12-element 205.25-MHz Yagi on a boom 
2.2X long (example 2). 


ened to 108 inches (2.74m) for optimum vswr (the 
length of the driven element is not critical for maxi¬ 
mum gain, as will be discussed later). 

The completed 6-meter Yagi is shown in fig. 9. 
On the-air receiving tests at W1 JR have shown the 3 
dB beamwidth to be between 40 45 degrees, while all 
sidelobes were at least 15 dB down; the front-to- 
back ratio was 18 dB. This agrees closely with the 
published NBS data. 

Example 2. During the summer of 1973, when I was 
W6FZJ, transpacific tests to Hawaii were conducted 
on 220 and 432 MHz. Television video carriers seem¬ 
ed like a good propagation indicator so I designed a 
converter for Channel 12 on Mt. Haleakela on Maui. 
Since I had no good designs for a moderate gain Yagi 


with low sidelobes (to discriminate against Channel 
12 TV stations in California), I chose the NBS 2.2X 
Yagi design using 3/8 inch (1cm) diameter elements. 


Frequency 
Wavelength 
Element diameter 
(d/X) 

Reflector spacings 
Director spacings 
Boom diameter 
Overall length 


205.25 MHz 

57.5 inches (1.46 meters) 
0.0065X 

11.5 inches or 29.2 cm 
(0.2X) 

11.5 inches or 29.2cm 
(0.2X! 

not important, discussed 
later 

126.5 inches or 3.21 
meters (2.2X) 


1. Plot the director element lengths for the 2.2X Yagi 
design from table 1 on the design nomograph (see 
fig. 10) for d/X = 0.0085. 


L R = 0.482X 

Lpi = 0.432X 

L D2 = 0.415X 

Ld 3~ Lpio = 0.407X 

Lp4= Ld9 = 0.398X 

Lq 5 through I_d8 = 0-390X 

2. Since the chosen element diameters are 0.0065X, 
draw a vertical line from 0.0065X on the horizontal on 
the nomograph. This intersects the compensated 
length for the reflector and the first detector: 


Lr- = 0.483X 
L D '=0.4375X 

3. Using a pair of dividers, measure the distance be- 


27J3/I6' 

R ^ V (70CM) 


27 1/2" 
(69CM) 


25 1/8" 
(6 3 CM) 


24 3/16" 23 3/4" 231/4" 

(6ICM) (60 CM) (59CM) 




SPACING =02X«I/ 1/2" (29 CM) 


DELTA 



SALON 



(52 CM) 


fig. 11. Layout of a 12-element Yagi for 205.25 MHz. AM elements are 3/8 inch 
(10mm) OD aluminum tubing, mounted on insulating blocks attached to the 1 
inch (13mm) OD aluminum boom. A delta match and 4:1 balun are used to feed 
this antenna. 


28 G3 august 1977 







tween director 1 (D1) and director 2 (D2) determined 
in step 2. Transpose this distance from the point 
established in step 2 to the left along the 2.2X curve 
to determine the compensated length of director 2 
(Ld' = 0.421A). Now span the distance between 
directors 1 and 3 (D1 and D3) with the dividers, and 
move this dimension along the curve, making sure to 
reference D1' (at the 0.0065 line). Follow this same 
procedure until all directors have been scaled. The 
remaining director lengths are as follows: 

Ld3' = Ldio' = 0.414X 
Lq 4' = Log' = 0.405X 
Lds' through I_ds' = 0.398X 

As in the case of the 6-meter Yagi, I decided to use 
element insulators which I purchased from KLM 
Electronics. Since the elements are mounted well 
above the boom, an element correction factor was 
not applied. The reflector and director lengths for 
the 205.25 MHz Yagi are as follows: 

Reflector 0.483 = 27-13/16 inches (70.6cm) 

Director 1 0.4375X = 25-1/8 inches (63.9cm) 

Director 2 0.421 X = 24-3/16 inches (61.5 cm) 

Directors 3 and 10 0.414X = 23-3/4 inches (60.5cm) 
Directors 4 and 9 0.405X = 23-1 /4 inches (59.2cm) 
Directors 5 - 8 0.398X = 22-7/8 inches (58.1cm) 

You will note that these lengths have been slightly 
rounded off. The NBS report states that tolerances 
of 0.003X should be maintained (0.173 inch or 4.4mm 
at 205.25 MHz). Furthermore, tests made by W0EYE 



fig. 12. Use of the Yagi design curves (fig. 4) to determine the para¬ 
sitic element lengths for a 15-element Yagi for 432 MHz; boom is 
4.2X long (example 3). 


and W6FZJ in 1973 clearly showed that the gain and 
radiation pattern of a Yagi antenna degrades quite 
rapidly on the high side of the design frequency, but 
much more slowly on the low side. Therefore, if you 
must round off to a standard dimension, it is better to 



fig. 13. Supporting boom correction factor for the 15-element 432- 
MHz Yagi. Boom diameter Is 0.0275X (3/4 inch or 1.9cm at 432 MHz); 
length of each parasitic element must be increased to 0.2X. 


cut the director elements slightly shorter — not 
longer. Reflector length, on the other hand, should 
be rounded off on the long side. The element lengths 
for the Channel 12 Yagi were shortened to the 
nearest 1/16 inch, or only about 0.001X. 

For simplicity I decided to use a delta matching 
system and a 4:1 balun on this antenna. The driven 
element length was calculated using eq. 3. During 
final tests using the procedures outlined in reference 
6 the driven element was extended slightly to obtain 
a 1:1 vswr. The length of the driven element is not 
a critical factor as long as the driven element is al¬ 
ways shorter than the reflector. 

The final design for the 205.25-MHz Yagi is shown 
in fig. 11. The desired discrimination to other Chan¬ 
nel 12 television stations was achieved. This antenna 
is now in use at W1JR for indicating tropo, meteor 
shower, and aurora openings. 

Example 3. The transpacific tropo tests mentioned 
in the previous example required an easily transport¬ 
able antenna for the 432-MHz system to be installed 
at KH6BZF's station in Hawaii. I decided to use four 
4.2X Yagis similar to the W0EYE type 4 and stack 
them accordingly. The humidity and salt air are high 
in Hawaii so the elements were mounted through the 
boom using knurled 3/32-inch (2.4mm) diameter 
brass rods; this is similar to the method used on the 
W6FZJ extended, expanded collinear array described 
in QSTJ 

For the sake of brevity, steps 1, 2, and 3 will not 
be repeated here. However, the marked up nomo¬ 
graph for the 4.2X 432-MHz Yagi is shown in fig. 13; 

Since I decided to mount the elements through a 
metal boom, the elements must be lengthened to 
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ELEMENTS' 3/32 "(2CM) ROUND BRASS ROD 
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BALUN LENGTH 9 3/4*’f246MMJR68U 


fig. 14. Layout of the 15-element 432-MHz Yagi on a 4.2X boom. All elements are 3/32 inch 12.4mm) OD brass rod; elements are knurled and tapped 
into under-size holes in the 3/4 inch (1.9mm) aluminum boom. Element spacing of all directors is 8-7/16 inches (21.4cm); reflector is inches 
(14cm) behind the driven element. Details of the delta matching system and 4:1 balun are also shown. 


compensate for the shortening effect of the boom. 


Frequency 
Wavelength 
Element diameter (d/X) 
Reflector spacing 

Director spacing 

Boom diameter 

Overall length 


432 MHz 

27.32 inches (69.40 cm) 
0.00343X 

5-1/2 inches or 13.9cm 
(0.2X) 

8-7/16 inches or 21.4 cm 
(0.308X) 

3/4 inch or 1.9cm 
(0.0275X) 

115 inches or 2.915 
meters (4.2X) 


L R ' = 0.480X 
Lpr = Ld 2 ' = 0.441X 
L D3 ' = 0.438X 
L D4 ' = 0.428X 
L D5 '=0.425X 
Ld6' = 0.421 X 
L D7 ' =0.417X 

Los' through Lqi 3 ' = 0.414X 


To determine the corrected element length, first con¬ 
vert the boom diameter (3/4 inch or 1,9cm in this 
case) to wavelength ( d/\) or approximately 0.0275X. 
Draw a vertical line from 0.0275X on the boom cor¬ 
rection nomograph (see fig. 13) to the DATA line. 
Move to left-hand axis and read the correction factor; 
0.02X for this antenna. Add this length correction 
factor to all elements as shown below. 

Note that all the director lengths have been round¬ 
ed off to the short side, as in example 2. The driven 
element length was calculated with eq. 3, but a bet¬ 
ter match was obtained when it was extended to 
13 V4 inches (34.3cm); a delta match with a 4:1 balun 
was used. The final design for the 432-MHz Yagi is 
shown in fig. 14. 

This antenna stacks well at 1.6X in the H plane, 
and 1.8X in E plane. As tested at NBS, this quad Yagi 
array yielded 19.6 dBd. A one-way 432-MHz contact 
was attained between KH6BZF and W6FZJ in July, 
1973 (don't ask me why it wasn't two-way because 
I'll cry loudly). During October, 1973, using only 200 


Reflector 

0.480 + 0.02 = 0.500 

13-11/16 inches 

(34.7cm) 

Directors 1 and 2 

0.441+0.02 = 0.461 

12-19/32 inches 

(32.0cm) 

Director 3 

0.438 + 0.02 = 0.458 

12-1 /2 inches 

(31.8cm) 

Director 4 

0.428 + 0.02 = 0.448 

12-1 /4 inches 

(31.1cm) 

Director 5 

0.425+ 0.v2 = 0.445 

12-5/32 inches 

(30.9cm) 

Director 6 

0.421+0.02 = 0.441 

12-1/32 inches 

(30.6cm) 

Director 7 

0.417 + 0.02 = 0.437 

11-15/16 inches 

(30.3cm) 

Directors 8-13 

0.414 + 0.02 = 0.434 

11-27/32 inches 

(30.1cm) 
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watts and this array, EME signals from KH6BZF were 
copied and identified at W6FZJ. KH6BZF now uses 
this setup on Oscar 7, Mode B. 

This article has presented a new and relatively 
precise way to consistently design and build Yagi 
antennas with optimum, reproducible gain character¬ 
istics selecting a boomlength to suit your own re¬ 
quirements. Three design examples have shown Yagi 
antennas with demonstrated performance. If con¬ 
struction tolerances are held to 0.003X maximum 
10.001 X preferred), you should be able to design your 
own Yagis with the same excellent results As 
pointed out earlier, director elements should be 
slightly shortened, while reflectors should be length 
ened when rounding off the calculated dimensions. 

Before actually starting to build a given design, 
double check your mathematics and scaling; it will 
pay off a 100-fold in time saved (and frustration). In 
those cases where the numbers in table 1 do not 
agree exactly for the first director, reference at 
0.0085 (r//X) on the chart. The feed methods are not 
critical, and attention to the details outlined in refer¬ 
ences 5 and 6 should fill any voids in this article. 


In closing, I would especially like to thank Don Hil 
liard, W0PW (ex W0EYE), who first introduced me to 
this information, and to Peter Viezbickie who, after 
much prodding by Don and myself, finally published 
this wealth of information. Now you, too, can be an 
expert in designing your own Yagi antennas. 
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the future of the 

amateur satellite service 


During Phase ill of 
the amateur satellite program 
AMSAT will place advanced 
communications satellites 
in high-altitude orbits 
which will allow 
long-range communications 
for up to 15 hours per day. 

This article discusses 
the capabilities 
of those satellites, 
and the financial support 
required from the 
amateur community 

Amateur radio stands on the threshold of the most 
exciting and comprehensive change in its history, a 
change more revolutionary than that from spark to 
CW, or a-m to ssb, or the advent of vhf-fm repeaters. 
The Phase III Amateur Satellite Program, about 
which you'll be reading a great deal in the coming 
months, sounds more like science fiction than fact. 
However, in the past few years the facts have 
become increasingly clear: amateurs are already in 
command of the technology needed to produce a 
cost-effective satellite system — a system, not just a 
single satellite, capable of greatly enhancing the 
reliability of long-distance communications while 
simultaneously reducing the cost of the average 
amateur radio station. 


One day, probably in late 1979, the first amateur 
Phase III satellite will be launched, and a new era in 
amateur communications will begin. It's possible that 
within ten years from today the majority of long¬ 
distance communications (over 50 miles or 80 km) by 
amateurs interested in DX, contests, traffic handling, 
and casual rag chewing will be by satellite. As a 
result, crowding of the high-frequency bands may be 
significantly reduced, even with a rapidly increasing 
amateur population. 

Using satellite relays for global radio communica¬ 
tions was first proposed by Arthur C. Clarke in the 
British journal Wireless World in 1945. Approxi¬ 
mately 20 years later (March 9, 1965) the first active 
communications satellite, OSCAR 3, was launched. It 
may be hard to believe, but radio amateurs were 
communicating through OSCAR 3 months before the 
first commercial communications satellite, Early Bird 
(Intelsat I), was placed into orbit. Yet today, 12 years 
later, while satellites are carrying approximately two- 
thirds of all commercial transoceanic communica¬ 
tions, 1 amateurs are still relying almost entirely on 
erratic high-frequency circuits for distant contacts. 

Long distance propagation on the high-frequency 
bands depends on signals being reflected by the 
ionosphere. A much more reliable communications 
system results when a satellite is substituted for the 
somewhat erratic ionosphere, and vhf or uhf bands 
are used for the radio links. You don't need to know 
much about the workings of the ionosphere to use 
the high-frequency bands; surprisingly, you don't 
need to know much about satellites to enjoy the ad¬ 
vantages of this new mode of communications. 

The satellite subsystem of primary interest to radio 
amateurs is the transponder, the electronic package 
which receives signals from stations on the ground 
and then retransmits them, on a different frequency 
with great amplification, back to earth. Although 
transponders are somewhat similar to 2-meter fm 
repeaters, there are significant differences: the linear 
transponders used on AMSAT satellites work equally 
well with ssb and CW signals, and they can 
simultaneously handle a large number of users. 

To appreciate the communications capabilities 
which high-altitude spacecraft will provide we can 

By Martin Davidoff, Ph.D.. K2UBC, 13803 
Manor Glen Road, Baldwin, Maryland 21013 
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compare communications links involving Phase III 
(high-altitude) satellites. Phase II (low altitude) 
satellites such as OSCAR 6 and OSCAR 7 which are 
currently in orbit, and the 20 meter band. The com 
parison will consider a number of characteristics of 
specific interest to radio amateurs using these 
systems. 

1. Daily access time. How many hours each day 
does the user have access to the satellite? 

2. Maximum communications range. What is 
the maximum terrestial distance over which 
two stations can communicate? 

3. Communications performance How strong 
and intelligible are received signals? Can open¬ 
ings over specific paths be predicted reliably? 

4. Communications capacity. How many 
stations can use the satellite at the same time? 

5. Frequencies. What frequency bands will 
Phase III satellites use? 

6 . Tracking techniques and operating 
schedules. Will the paper work involved in 
tracking and checking operating schedules be 
complicated and laborious? 

7. Ground-station equipment. How much 
transmitter power and how large an antenna 
will be needed? Will commercial or surplus 
equipment be available for a moderate cost 
ground station? 

8 Antenna aiming Will the direction in which 
the antenna is pointed have to be continually 
adjusted while operating? 

9. Miscellaneous. How will factors such as 
satellite lifetime, signal time delay, lack of skip 
zone, Doppler shift, and crowding affect users? 

10. Financing the Phase III program. Can 

amateurs afford the Phase III program? 

daily access time 

The average amount of time that a satellite will be 


This article focuses on the potential impact of the amateur 
satellite program on amateur radio over the next ten years 
The author, Dr Martin Davidoff. K2UBC. is an assistant 
professor of mathematics at a community college in 
Maryland where he directs a National Science Foundation 
project involving satellites and college level science in 
struction In conjunction with the NSF project, he recently 
authored a textbook featuring the AMSAT OSCAR series 
of satellites. Using Satellites in the Classroom- A Guide for 
Science Educators K2UBC obtained his doctorate in 
Physics from Syracuse University in 1974 and has held an 
amateur license since 1956 Editor. 



fig. 1 Photograph of Satellable style tracking nomograph for ellip 
tlcal orbit of the type used by the Phase III A spacecraft 


within range of a specific ground station each day 
(daily access time) is determined solely by the ground 
station's latitude. The first Phase III satellite will be 
injected into an orbit that initially places it within 
range of ground stations at mid-northern latitudes 
(this includes most of the United States) for about 15 
hours each day, and within range of ground stations 
at mid-southern latitudes for about 5 hours each day. 
The first Phase III satellite will therefore provide 
northern hemisphere amateurs with as much access 
time as ten optimally spaced OSCAR 7 satellites! Can 
you recall the last time that 20 meters was open 15 
hours per day on a regular basis? 

As the years pass, ground stations will find that 
their average daily access time will change. By 1985 
the first Phase III satellite will only be within range of 
northern hemisphere stations about 5 hours each day 
while southern hemisphere stations will have about 
15 hours of access time each day. But don't despair, 
AMSAT is capable of producing two additional Phase 
III spacecraft before 1985. If these spacecraft are in¬ 
serted into orbits similar to that of the first Phase III 
spacecraft, ground stations anywhere on earth will 
have access to at least one Phase III satellite for 
about 20 hours each day. 

maximum communications range 

Phase II satellites provide a maximum com¬ 
munications range of about 5000 miles (8000km). 
While this is adequate for Worked All States and 
DXCC, it's not very satisfactory by high-frequency 
standards. Phase III satellites will enable amateurs to 
communicate over a much greater distance up to 
about 11200 miles or 18000 km leaving only a very 
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small region at the opposite side of the earth out of 
range. The 20-meter band will continue to reward its 
followers with somewhat unpredictable openings to 
all parts of the globe. 

If you've had the opportunity of listening to ssb 
stations using the 432/146-MHz transponder on 
OSCAR 7, you know that satellites are capable of pro¬ 
viding telephone quality links. The 20-meter band 
can provide similar performance, albeit in a some- 



fig. 2. Relative altitudes of Phase II satellites. Phase III satellites, 
and the ionosphere - shown approximately to scale. Drawing does 
not take inclination of orbits into account. 


pressive when you consider a three-way contact be¬ 
tween, for example. New York, London and Tokyo. 
Satellites will make such contacts possible daily with 
clocklike regularity. What are the odds of being able 
to accomplish this on 20-meters? 

The received signal strengths observed by stations 
communicating through a high-altitude satellite will 
be largely independent of the distance between the 
stations. This results from the fact that the earth- 
satellite-earth distance and path loss are, for all prac¬ 
tical purposes, constant regardless of how far apart 
the two ground stations might be. Since distance 
doesn't count, a station across town and one nearly 
halfway around the globe will produce similar signals 
if they are using similar equipment. In fact, listening 
to your own signal being returned from the 
transponder will indicate quite accurately how you 
sound to any station within range of the satellite. 

communications capacity 

The first Phase III satellite will provide a band of 
frequencies, nominally 150 kHz wide, capable of 
handling hundreds of simultaneous conversations. 
All users will be sharing the 50-watt satellite 
transmitter. Therefore, ssb and CW will be the prefer¬ 
red modes because they efficiently use the available 
satellite power. The satellite transponders will also be 
able to handle slow-scan TV, RTTY, and fm. But 
these modes should only be used in emergencies, or 
for special experiments coordinated with AMSAT, 
because they use a disproportionate amount of 
satellite transmitter power and, in the case of fm, ex¬ 
cessive bandwidth. 

A recent cost-effectiveness study suggests that 
crowding will not become a serious problem with the 
first Phase III spacecraft until 30,000 users are equip¬ 
ped to transmit on the uplink frequency. 2 To prevent 
crowding problems AMSAT plans an ongoing Phase 
III construction program which is designed to keep 
pace with a rapidly increasing user population. Plac¬ 
ing an additional satellite in orbit every 24 months ap¬ 
pears to be a realistic goal. 


what erratic manner. As an example, assume it's 
August, 1977, and you're interested in the Denver- 
Frankfurt path during January, 1978. The best 
prediction high frequency propagation experts can 
offer is that 20 meters will probably be open over the 
path of interest sometime between 1600 and 1800 
UTC on about 15 days during January. If the first 
Phase III satellite was in orbit at this time, you could 
predict with better than 99% certainty, that the 
Denver-Frankfurt circuit would be open for several 
hours every day in January during time slots 
specified almost to the minute. 

The advantages of a Phase III satellite for pre¬ 
arranged point-to-point schedules are even more im¬ 


frequencies 

The first Phase III satellite will include two 
transponders. Therefore, even if one transponder 
fails, the satellite will still be available for communica¬ 
tion on a full-time basis. If possible, the two 
transponders on the first Phase III spacecraft will use 
reciprocal frequency combinations: one transponder 
will receive on 435 MHz and transmit on 146 MHz, 
the other will receive on 146 MHz and transmit on 435 
MHz. Users will be able to compare the performance 
of both transponders and express their preferences 
for scheduling and for future satellites. 

The amateur satellite program will continue to rely 
heavily on the 146-MHz and 435-MHz bands 
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throughout the 1980s. In the mid or late 1980s Phase 
III satellites are likely to include links at even higher 
frequencies such as the 920 MHz (32cm) and 2.3 GHz 
(13cm) bands; specific plans must await the outcome 
of the 1979 World Administrative Radio Conference. 

Low-altitude (Phase II) satellites may continue to 
use 10 meter downlinks, a band which is not suitable 
for Phase III. Readers interested in the factors in¬ 
volved in selecting frequencies for amateur satellite 
systems are referred to the excellent paper by Ray 
Soifer, W2RS.3 

tracking techniques and operating 
schedules 

You may be pleasantly surprised to learn that you 
won't need to know anything about tracking to use a 
Phase III satellite. After the first Phase III spacecraft 
is in orbit, you'll be able to turn on your receiver (with 
an omni-directidnal antenna connected) and check 
to see whether or not the band is open (satellite 
within range) by simply tuning for signals. About 
65% of the time stations in mid-northern latitudes 
(most of the United States) will find that they're in 
luck — signals will be present. If a second Phase III 
spacecraft is launched into a similar orbit, the 
probability of finding the band open will be about 
90%. When the band is open, you'll switch to a beam 
antenna and home in on the satellite by peaking your 
S-meter on a beacon signal. The same antenna set¬ 
ting will work for all stations received via the satellite. 
Peaking the antenna every 15 minutes should be 
more than sufficient. 

While the casual user can get away without any 
knowledge of tracking, some tracking skill (like a little 
insight into 20-meter propagation) will pay big 
dividends by enabling you to predict specific open¬ 
ings, to rare countries. 

Many radio amateurs think that satellite tracking is 
very difficult and requires a strong mathematical ap¬ 
titude. This just isn't true. Tracking is a simple, 
mechanical skill that takes only a few minutes to 
learn, and the only math needed is basic arithmetic. 
The ability to predict 20-meter propagation stands 
in sharp contrast; it's an impressive skill which re- 
quires a great deal of knowledge and 
experience. 

Most tracking methods use some sort of 
nomograph which usually consists of a map and 
transparent overlay. Until recently everyone had to 
build their own tracking nomograph from scratch — 
a straightforward but tedious job which is no longer 
necessary since excellent commercial tracking aids 
are now available. 4 With minor modifications the 
basic tracking techniques and nomographs used with 
OSCAR 6 and 7 will also work for the radically dif¬ 
ferent orbits which early Phase III spacecraft will in¬ 
troduce. In fact, these same nomographs were ac¬ 


tually used to evaluate the communications 
capabilities provided by the various orbits considered 
for Phase III. Construction details for Phase III track¬ 
ing nomographs will be published in the near future. 

In the past, OSCAR 6 and 7 users have sometimes 
complained about the bookkeeping involved in deter¬ 
mining which OSCAR 6 orbits are available for general 
use and which OSCAR 7 transponder is scheduled to 
operate. The latest W6PAJ orbit calendar 5 eliminates 
most of the bookkeeping drudgery by clearly listing 
the times and operating status for every OSCAR 6 and 
OSCAR 7 orbit during 1977. AMSAT will have a great 
deal of flexibility in scheduling future Phase III 
satellites because they will be controlled by onboard 
microcomputers that can be programmed by suitably 
equipped ground stations. User convenience will be 
the primary consideration when satellite schedules 
are chosen so bookkeeping requirements should be 
minimal. Tracking nomographs and orbit calendars 
will be made available for Phase III satellites soon 
after they're in orbit. 

ground station equipment 

Receiving. Ground stations working with Phase III 
satellites will need a good ssb/CW receiver capable 
of tuning a few hundred kHz around 146 MHz and/or 
435 MHz. 

Transmitting. A CW or ssb transmitter with about 
50 watts output at 146 or 435 MHz will be required for 
the uplink. 

Antennas. Ground station communication via the 
Phase III satellite will usually require moderate gain 
(10-15 dBi) beam antennas for receiving and trans¬ 
mitting. A typical antenna array may consist of two 
or more Yagis mounted on a common mast using a 
single set of azimuth and elevation rotators. The en¬ 
tire structure can be smaller and lighter than the 
average three-element beam used on 20 meters. 

The selected antenna site should place the anten¬ 
na clear of surrounding objects and relatively close to 
the operating position since feedline losses are an im¬ 
portant consideration at 146 and 435 MHz. As a 
result, a chimney mount will often be as effective as 
a large tower. Neighbors (and zoning committees) 
will probably be unable to distinguish between a 
roof-mounted Yagi array for satellite work and a large 
television antenna! 

Although beam antennas will usually be required 
for reliable communications, simple omnidirectional 
antennas will also be useful at times. For example, an 
omnidirectional receiving antenna can be used dur¬ 
ing the entire orbit to determine whether the satellite 
is within range. In addition, omnidirectional transmit¬ 
ting and receiving antennas will sometimes be conve¬ 
nient for communication when the satellite altitude 
is relatively low (less than 15% of each orbit). 
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General. The satellite ground station that you put 
together will no doubt depend on the size of your 
pocketbook, the equipment you already own, the 
amount of time you have to devote to the project, 
and the transponder frequency. 

Here are some options that you may want to con¬ 
sider. If you presently own a good high-frequency 
receiver, a top-line vhf or uhf converter will provide 
you with a state-of-the-art receiving setup. For trans¬ 
mitting, the 10-watt multimode or ssb/CW trans¬ 
ceivers currently available for 2 meters and 70 cm 
look like a good choice. A linear amplifier with 6-10 
dB of gain will keep the transmitting antenna re¬ 
quirements within modest limits. 

Numerous pieces of commercial equipment 
suitable for satellite work (converters, transmitters, 
antennas) are currently available off the shelf; I'm not 
speculating as to what the future may offer. If you 
have some time and a little technical knowhow, 
you'll be able to put together a relatively inexpensive 
station using a surplus fm strip as a CW transmitter 
and homebrew helix antennas. In any event, if you're 
currently thinking of investing in a vhf or uhf fm 
transceiver or amplifier, consider paying a little extra 
to obtain a rig with ssb/CW capabilities and purchas¬ 
ing an amplifier that can be run in the linear mode 
forssb. 

Let's look at the equipment procurement problem 
from a different perspective by putting ourselves in 
the shoes of a newcomer to amateur radio five years 
from now (1982). If the newcomer intends to stick 
with the hobby for quite a few years and wants to set 
up a first-class station for local and DX work with 
new, off-the-shelf equipment what are the options? 

Option A 

Synthesized 2-meter fm transceiver 
Separate transmitter and receiver for high- 
frequency bands 
Kilowatt high-frequency amplifier 
50-foot (80m) tower and triband Yagi 
Option B 

10-watt multimode 2-meter transceiver 
10-watt multimode 70-cm transceiver 
50-watt, 2-meter and 70-cm linear amplifiers 
Modest roof-mounted antenna array 

While each of these options will provide roughly 
equivalent capabilities. Option B, which depends on 
satellites for long-distance work, costs approximately 
half as much as Option A. Since prices for vhf and 
uhf ssb/CW gear are likely to decrease when a big 
new market opens up, the financial advantage of Op¬ 
tion B is likely to increase. 


The first Phase III satellite will be a moving target. 
The question that concerns radio amateurs is: How 
difficult will it be to track this satellite with a 
moderate gain beam? In other words, how frequently 
will the ground station operator be required to adjust 
the azimuth and elevation controls? The answer 
depends on a number of factors including: satellite 
orbit characteristics, location of the ground station 
with respect to the satellite, and the beamwidth of 
the antenna. 

An analysis of the problem, taking these factors in¬ 
to account, shows that a ground station using a 
moderate gain beam will, on the average, need to ad¬ 
just azimuth and elevation controls about once every 
15 minutes during most of the orbit. However, there 
will be times while the satellite is near the low point 
on its orbit (perigee) when almost continual adjust¬ 
ment of beam elevation and azimuth will be required. 
Since signals will be very strong near perigee, ground 
stations will find it convenient to switch from beams 
to simple fixed omnidirectional antennas during this 
relatively short period of time. 

Let's compare the dynamic antenna aiming re¬ 
quirements for Phase III, as just outlined, to re¬ 
quirements for Phase II satellites and the 20-meter 
band. Radio amateurs who have been using low or 
moderate gain beams to access OSCAR 6 and OSCAR 
7 will find that they'll be able to pay far less attention 
to azimuth and elevation controls when they com¬ 
municate via a Phase III satellite. Operators familiar 
with 20 meters will probably also be pleased to 
observe how a single antenna setting will work for all 
stations using the satellite; there's no need to 
repeatedly adjust the antenna for each weak DX 
signal. 

AMSAT hopes that some future Phase III satellites 
may be placed in geostationary (or nearly geosta¬ 
tionary) orbits. 6 A satellite in a geostationary orbit 
will appear to remain fixed directly above a spot on 
the earth's equator; a satellite in a nearly geosta¬ 
tionary orbit will appear to drift slowly in longitude 
while remaining directly above the equator. Ground 
stations using these satellites will only need to adjust 
azimuth and elevation controls when switching from 
one satellite to another or when turning on the 
ground station after it's been off for a day or longer. 

miscellaneous 

Lifetime. Satellite lifetime concerns radio amateurs 
for several reasons. First, lifetime affects the yearly 
cost of the satellite. This subject will be covered in 
detail in the next section. Second, lifetime affects the 
long-term reliability of a satellite communications 
system. If a system depends on a single satellite, 
satellite failure shuts down the system. Potential 
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users of a system based on a single satellite are 
naturally hesitant about investing time, energy, and 
money in a ground station that might suddenly have 
no function. Although the long lifetimes of OSCAR 6 
and OSCAR 7 have alleviated this concern to some 
extent, the real solution is to produce a multiple 
satellite system so that the failure of a single satellite 
causes users only minor inconvenience. The term 
Phase III connotes just such a system. For this 
reason amateurs building ground stations for Phase 
III need not worry about their station suddenly 
becoming useless. 

Let's look briefly at some of the plans for imple¬ 
menting the Phase III system. Experience with Phase 
II has shown that it's reasonable to expect opera 
tional lifetimes of five years for Phase III satellites. 
During the five year period following the launch of 
the first Phase III satellite, additional spacecraft will 
be placed into orbit; a new satellite every two years is 
a realistic goal for the 1977 1985 time frame. By 1984 
the system should average three or more Phase III 
spacecraft in orbit and operating at any given time. 

In the past amateurs thought that a satellite's 
useful life ended when it ceased to function. In the 
future AMSAT might decide to retire an old operating 
spacecraft from service in order to replace it with a 
new, more powerful model before total failure occurs 

Time delay. Time delays from 10 to 300 milliseconds 
on the earth-satellite-earth path will make continuous 
monitoring of your own downlink distracting — to 
say the least. This is just one illustration of the many 
subtle differences between terrestial and satellite 
communications systems which amateurs will en¬ 
counter in the future. 

Each time amateurs have introduced new com¬ 
munications systems (ssb in the 1950s, for example, 
or fm repeaters in the 1960s), they've had to develop 
new operating procedures. Satellite systems will also 
require such innovations. One way to compensate 
for the time delays encountered while using high- 
altitude satellites might be to set the hang time on 
the vox or CW break-in system to 300 milliseconds 
and pause periodically for a second or two to enable 
the other party to break in, 

No skip zone. Satellite communication systems do 
not exhibit skip zones. Consequently, it's easy to tell 
if a frequency is being used and a lot of unintentional 
interference can be avoided. In addition, round-table 
and net operation will be greatly facilitated since all 
users will hear each other. No problems to cure here 
— just a big bonus for satellite operators. 

Doppler shift. Anyone who has listened to signals 
from a low-altitude satellite such as OSCAR 6 or 7 has 


probably noticed the pronounced downward shift in 
frequency that signals exhibit during nearby passes. 
A similar downward shift in frequency can be ob¬ 
served when a train passes with its whistle blowing. 
In both cases the frequency shift (called Doppler 
shift) is observed even though the source frequency 
is constant. The magnitude of the Doppler shift 
which amateurs encounter during satellite com¬ 



munications depends on the relative velocity be 
tween satellite and ground station and the frequency 
being used higher relative velocities and higher 
frequencies produce greater shifts. 

Single-sideband communication is especially sen 
sitive to Doppler shift since frequency changes of a 
few hundred cycles can make an ssb signal unin¬ 
telligible. The largest Doppler shift that amateur radio 
operators have so far encountered during two way 
communications occurs when OSCAR 7 passes 
directly overhead with the 432/146 MHz transponder 
in use. Under these conditions the Doppler shift is 
annoying, but ssb stations are able to compensate by 
frequent receiver tuning. 

The first Phase III satellite will be moving slowly 
(relative to the surface of the earth) most of the time. 
During this portion of the orbit, Doppler shift will be 
smaller than observed with Phase II spacecraft which 
use the same transponder frequency combinations. 
However, there will be a small segment of each orbit, 
amounting to less than 10% of the period, when 
Doppler shift may be annoying, although ssb com 
munications should still be possible. 

Later Phase III satellites may be placed in geosta 
tionary orbits. Since these satellites will appear to re- 
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main fixed in space (no relative motion between 
satellite and ground station), no Doppler shift will be 
observed. In sum, Doppler shift will be of minor con¬ 
cern only with early Phase III satellites and of no con¬ 
cern with geostationary Phase III satellites. 
Crowding. It has been estimated that the first Phase 
III satellite can accommodate 30,000 users equipped 
to transmit on the uplink bands. The estimate is 
based on ssb stations using 100 kHz and CW stations 
using 50 kHz of the transponder. If crowding be¬ 
comes a problem before the follow-on Phase III 
spacecraft is launched, users have several options. 
Many may shift from ssb to CW to accommodate 
more stations in a given bandwidth. However, the 
opposite strategy, switching from CW to ssb, may 
actually be more effective in reducing crowding pro¬ 
blems because a station can pass a given amount of 
information in a much shorter time period with ssb 
than with CW, while using less total spacecraft 
energy. This strategy would work only if amateurs 
limit themselves to essential information — a ques¬ 
tionable objective. 

Crowding effects can also be minimized by in¬ 
creasing the amount of roundtable and net opera¬ 
tion. Phase III satellites are especially suitable for 
such use since there will not be any skip zone, and 
Doppler shift will be minimal. In any event, it should 
be evident that a number of viable options exist in 
response to any crowding problems that may tem¬ 
porarily occur. I have no doubt that amateurs who 
were raised on the 40- and 80-meter Novice bands 
will be able to devise satisfactory solutions. 

financing 

Phase III will become a reality only if the interna¬ 
tional amateur community is willing and able to 
financially support the program. While large dona¬ 
tions from individuals, corporations, and foundations 
are needed to produce the first Phase III spacecraft, a 
long-term Phase III program depends on small dona¬ 
tions from a very wide base of support in the amateur 
community. 

An educated guess places the procurement cost 
for a commercially built Phase III satellite in excess of 
five million dollars. An early AMSAT estimate pegs 
the cost of the first Phase III satellite at two-hundred 
thousand dollars, a considerably smaller but still im¬ 
posing figure. A much more meaningful number is 
the cost per year of service. Experience has shown 
that it's reasonable to expect an operational lifetime 
of five years for a Phase III spacecraft, so the cost 
per year of service for the first Phase III satellite is ex¬ 
pected to be less than $45,000. 

Let's look at this figure more closely. When the 
number of amateur radio operators equipped for the 


uplink reaches 15,000 (half the estimated spacecraft 
capacity), the yearly cost per user will be less than 
three dollars! This means that when AMSAT 
membership reaches 50% of user capacity, the cur¬ 
rent $10 AMSAT membership fee* should be able to 
support an expanding program of satellite construc¬ 
tion and provide for membership services, educa¬ 
tional programs, and the AMSAT Newsletter. 
However, AMSAT satellites will always be free access 
and available to anyone licensed to operate on the 
uplink frequencies. Readers interested in cost 
breakdowns for the first Phase III satellite should 
read the current series in QST by Jan King, space¬ 
craft project manager. 

general comments 

Phase III satellites have been compared to Phase II 
satellites and 20 meters throughout this article. The 
points of comparison were chosen to illustrate Phase 
III satellite capabilities in familiar terms. As a result 
many of the unique and desirable characteristics of 
Phase II satellites and 20 meters have been ignored. I 
will now briefly discuss some of these features. 

The 20-meter band will certainly remain a favorite 
of amateurs for a number of reasons. It's prob¬ 
abilistic nature is actually a very appealing 
characteristic — a skilled, knowledgeable, patient 
operator with a simple low-power 20-meter station 
will eventually be rewarded with exciting openings to 
the entire world. In addition, RTTY and sstv buffs can 
use 20 meters for hour after hour without ever worry¬ 
ing about using an unfair amount of satellite power. 

Low-altitude satellites can be used by very simple 
ground stations. Contacts through Phase II satellites 
have been made with as little as 100 milliwatts, and 
numerous amateurs have had contacts using less 
than 1 watt of transmitter power; it is therefore possi¬ 
ble to communicate through low-altitude satellites 
using small hand-held portable units. Low-altitude 
satellites can also be used in a broadcast mode, for 
example, to carry a single bulletin to the entire United 
States via 2-meter fm. Because of these features AM¬ 
SAT will launch another Phase II satellite in late 1977 
and continue the Phase II program through the 
1980s. If you haven't already done so, try your hand 
at using the low-altitude satellites currently in orbit; 
they can provide a great deal of fun and excitement. 

I think it's clear that Phase III will add a new dimen¬ 
sion to amateur radio by augmenting the existing 
long-distance communication modes, not by 
replacing them. 

•Regular AMSAT membership is $10 per year; life membership is 
$100. Write to AMSAT, Post Office Box 27, Washington, DC, 
20044. 
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With the uncertain outcome of amateur frequency 
allocations at the World Administrative Radio Con¬ 
ference in 1979, and the rapidly increasing amateur 
population in the United States and abroad, the 
question is no longer "Can we afford to go ahead 
with the Phase III project?" The question is, "Can we 
afford not to go ahead with the Phase III project?" 

The European Space Agency has selected the first 
AMSAT Phase III satellite for a late 1979 launch. The 
selection was a significant honor for the AMSAT 
team, but satellite construction can proceed on 
schedule only if AMSAT can obtain adequate funds. 
The money needed can be raised if amateurs are will¬ 
ing to demonstrate their commitment to the Phase III 
satellite program by joining AMSAT now, before the 
first Phase III satellite is launched. 

Individuals who would like to make a more sub¬ 
stantial contribution are encouraged to do so by 
donating money — contributions are tax deductible 
under section 170 of the IRS codes and/or donating 
time — volunteers are needed for a myriad of Phase 
III related activities (and you don't have to live in 
the greater Washington, D.C. area to participate). 

Ten years from today amateurs will probably look 
back at the years 1977 1981, bracketing the launch of 
the first Phase III satellite, as one of the most exciting 
periods in the histoory of amateur radio. Take part in 
making history and enjoy it as it happens; invest 
yourself in the future of amateur radio. 
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MAKE IT THE HEART OF 
YOUR ULTIMATE SSB/CW SYSTEM! 


THE 

NEW 

HEATHKIT 
SB-104 A 
TRANSCEIVER 


The world-famous SB-104 improved. 
The SB-104A now offers improved re¬ 
ceiver sensitivity and a fully-assem¬ 
bled and tested receiver front end 
circuit board for greatly reduced as¬ 
sembly time. And it’s still at the same 
low price! 

Totally broadbanded, completely 
solid-state, the SB-104A operates 
USB, LSB, or CW. Go from CW on the 
low end of 80 to USB on the high end 
of 10 in seconds while maintaining 
0.5 /iV receiver sensitivity and a full 
100 watts transmitter output. Just 
choose the band and select the mode; 
no more preselector, loading or tun¬ 
ing controls. Just flick a switch for 
instant 1-watt QRP output. The SB- 
104A offers true digital frequency 
readout and specs and performance 
that are incredible. Harmonic and 
spurious radiation are extremely low 
with third order distortion down 30 dB 


or better! Alignment requires only a 
dummy load, mike and VTVM. 


Complete SB-104A SPECIFICATIONS 
Frequency Coverage; 3.5 MHz through 29.7 MHz 
amateur bands, 15 MHz WWV receive only. Fre¬ 
quency Stability: Less than 100 Hz/hr drift after 30- 
min. warmup: less than 100 Hz drift for :£10% 
change in primary voltage. Readout Accuracy: With¬ 
in ±200 Hz ±1 count. Dial Backlash: 50 Hz max. 
Phone Patch Impedance: 4 ohm output to speaker; 
high impedance to transmitter. TRANSMITTER — RF 
Power Output: High Power: (50-ohm non-reactive 
load). SSB: 100 watts PEP ±1 dB; CW: 100 watts 
±1 dB. Low Power SSB: 1 watt PEP (minimum); CW: 
1 watt (min.). Output Impedance: 50 ohms, less than 
2:1 SWR. Carrier Suppression and Unwanted Side¬ 
band Suppression: —50 dB down from 100 watt sln- 

K le-tone output at 1000 Hz reference. Harmonic 
adiation: 40 dB below 100 watt output. Spurious 
Radiation: -40 dB within ±4 MHz of carrier; —60 
dB farther than ±4 MHz. Microphone Input: High 
Impedance, —45 to —55 dB; approx. 22k ohms. 
RECEIVER - Sensitivity: 0.5 mV for 10 dB S + N/N 
for SSB. Selectivity: 2.1 kHz minimum at —6 dB. 5 
kHz max. at —60 dB. (2:1 nominal shape factor). 
CW Selectivity: (with accessory CW filter) 400 Hz at 
— 6 dB. 2 kHz max. at —60 dB. Audio Output: 2.5 
watts Into 4 ohms, 1.25 watts into 8 ohms, less than 
10% THD. 4-8 ohm headphones. AGC: Less than 1 
millisecond attack time; switch selectable 100 msec 
and 1 sec. release, and OFF. IM Distortion: —65 dB 
min.; —57 dB typ. with noise blanker. Image Re¬ 
jection: — 60 dB min. Dimensions: 5%" H x 14*Ki" 
W x 13J*" D. 


AND STILL ONLY 

$ 669 95 ! 


Heath Company, Dept. 122-320 
Benton Harbor, Michigan 49022 


Addross - Read all about the SB-104A 

and it’s exciting station 

c,ty - accessories in the new 

Heathkit Catalog! 

State_Zip_ 

AM-351A 


Please send me my FREE Heathkit Catalog. 
I am not on your mailing list. 


THE BIG NEW 

HEATHKIT CATALOG 

Send for your copy today! 

There’s more for the 
ham at Heath 

Heath Company, Dept. 122-320 
Benton Harbor, Michigan 49022 
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homebrew 

Touch-Tone encoder 


Details for building 
a simple encoder 
designed around 
the 555 timer 1C 


For those who like to make their own Touch- 
Tone t encoders, a cursory review of the amateur 
radio literature shows several reliable circuits. Sev¬ 
eral are built around the Western Electric Model 35 
pad. 1 4 Another encoder used a pair of 565 1C vol¬ 
tage-controlled oscillators, 4 while others have used 
the recently developed MC14410 cmos encoder. 5 6 
However, to my knowledge, no encoder has been 
built or described using the type 555 1C timer. 

This article is the result of the challenge to design 
and build a simple Touch-Tone encoder with 
automatic PTT control using the 555 timer. 

design 

For a 12-button pad, Touch-Tone information is 
encoded in pairs using two of seven possible fre¬ 
quency tones. As shown in table 1, these seven 

t Touch-Tone is the registered trademark of the American 
Telephone and Telegraph Company. 


tones are divided into a "low" group (rows) of 697, 
770, 852, and 941 Hz; and the "high" group (col¬ 
umns) of 1209, 1336, and 1477 Hz. 

To generate the required Touch-Tone codes, two 
555 timers are required, each connected as an 
astable multivibrator with an output frequency 
given by 

f ( Hz ) = o:m(R^TjR B jc 

Ra is the resistance between the timer discharge out¬ 
put and -I- V cc , and R r is the resistance between the 
threshold input and discharge output. As shown in 
fig. 1 , R a is replaced by a resistive divider string for 
both the low- and high-tone oscillators. 

table 1. Frequencies used in the Touch-Tone signaling system. 


low-tone group 

1209 Hz 

high-tone group 

1336 Hz 

1477 Hz 

697 Hz 

1 

2 

3 

770 Hz 

4 

5 

6 

852 Hz 

7 

8 

9 

941 Hz 

* 

0 

l 


For the low tone oscillator, U1, letting 
R a = R1 =4.3k ohms, C = 0.047 jtF, and/= 941 Hz, 
solving for R B yields 14,164 ohms. To generate the 
next lower tone (852 Hz), R A is now equal to R1 + 
R2, so that R2 = 3.3k ohms. For the 770-Hz tone, Ra 
now equals R1 + R2 + R3, giving R3 = 3.9k ohms. In a 
like manner, R4 = 4.3k ohms. 

The high-tone oscillator U2, is designed in a similar 
manner. Starting with the 1477-Hz tone, letting 
R5 = /?, 4 = 3.9k ohms and C = 0.047 R F, R6 = 2.2k 
ohms and R7 = 2.4k ohms. 

For both oscillators the outputs are taken from the 

By Howard M. Berlin, W3HB, 2 Colony Boule¬ 
vard, Apartment 123, Wilmington, Delaware 
19802 
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fig. 2. Type 566 timer output waveforms. When connected as an fig. 3. Addition to the low-tone oscillator {top trace) and the high- 

astable multivibrator upper trace is obtained from pins 2 and 6; tone oscillator (center trace) to give a two-tone output signal when 

lower trace from pin 3. the digit 2 is pressed. 


timer discharge junction and trigger pins (pins 2 and 
6), which produce a pseudo-triangular waveform 
between 1/3 and 2/3 V cc (fig. 2). A 741C op-amp, 
U3, adds the outputof both oscillators, shown in fig. 
3, and is coupled to a 10-k ohm pot, which is an 
output-level control. 

The automatic PTT control consists of another 555 
timer, U4, connected as a 1-second one-shot and 
relay K1. 

components 

For good thermal stability the 0.047-/*F capacitors 
should be either tantalum or mylar, and resistors 


R1-R9 should be 1 %. Several manufacturers current¬ 
ly advertise a 4X3 pad similar to the Chomerics type 
ER-21623. RIO and R11 are 10-turn pots. If desired, a 
type 556 dual timer can replace U1 and U2. Fig. 4 
compares the pin connections to of the 555 and 556 
timers. 

adjustment 

Start by pressing the * key and adjust RIO so that 
the low-group oscillator reads 941 Hz at pin 3 of U1. 
Consequently, frequencies of 852, 770, and 697 Hz 
should be obtained to within 2% when the numbers 
7, 4, and 1 are respectively pressed. For theTiigh tone 


♦12V 



fig. 1. Touch Tone encoder schematic using the type 556 1C timer with high and low tones. Automatic PTT control is also included. 
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fig 4 Pin connection comparison for the type 566 and 566 timers 


group, press the tt key and adjust R11 so that the 
oscillator reads 1477 Hz at pin 3 of U2. Consequently, 
frequencies of 1336 and 1209 Hz should be obtained 
to within 2% when the 0 and * keys are pressed. 




fig. 5. Comparison of two-tone output obtained from the 565 timer 
encoder (upper trace) with Western Electric Model 36 pad (lower 
trace) for the digit 1. 

A comparison of the digit 1 generated by a Model 
35 pad and the 555 encoder is shown in fig. 5. 

For proper operation output-level control R12 
should be set against a deviation meter; otherwise 
on-the-air testing will be required to set the output 
level. 
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Full-Service Computer Stores 
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frequency-marker standard 


using CMOS logic 

Low power consumption 

and fast 
switching speeds 
through the hf bands 
are featured 
in this circuit 

A few frequency-marker standards have ap¬ 
peared in the amateur literature, but most use linear 
ICs or TTL logic. The frequency standard described 
here uses CMOS CD4000-series logic elements, 
which result in reduced power consumption but 
switch fast enough to allow sufficient switching 
speed and harmonic energy throughout the hf bands 
for good response. 

circuit description 

The divider arrangement is shown in fig. 1, in 
which a 400-kHz crystal-reference frequency is used. 
A 1-MHz reference would be better; however, the 
400-kHz frequency was chosen because of 
available parts. 

The oscillator is somewhat different than others 
using logic elements, 1 such as that using TTL ICs. 2 
Resistor R1 keeps the input of the first NOR gate, 
U1A, stable; otherwise the oscillator refuses to 
oscillate at the crystal frequency. Resistor R2 is not 
critical and can be any value between 1 and 20 


megohms. It should be close to 10 megohms if 
temperature extremes are experienced. 1 Resistor R3 
provides load isolation between Y1 and the NOR- 
gate output. RC network C2, R3, R2, Cl forms a 
feedback arrangement similar to that recommended 
by reference 1, wherein C2 can be adjusted to vary 
crystal frequency to zero-beat with WWV or CHU. 
Capacitor Cl is used for crystal loading and centering 
of the crystal-frequency range. 

Buffer NOR gate U1B isolates the crystal oscillator 
from the following divider chain, U2-U6. U2A-U3B 
are a divide-by-4 circuit in which the logic elements 
are JK flip-flops connected as D flip-flops (D flip- 
flops could be used here). 

Calibration markers were desired at 200, 100, 50, 
25, 10 and 5 kHz. This means that some additional 
dividing was necessary along with the following flip- 
flops to allow the desired symmetrical waveshape, 
since any feed back-type counter-divider produces 
an unsymmetrical waveform output. Therefore, U4 
was chosen as a divide-by-N counter 1C, and the 
latch arrangement of U5 was used to reset the 
selected divide-by-5 logic. 

The 100-kHz output was first divided by 5, 
which was then divided by 2 to provide the sym¬ 
metrical 10-kHz output; this output was then divided 
by 2 to provide 5-kHz. A switch, SI, and a final buf¬ 
fer, U1C, were used between selected output and 
the output coupling point. (A small 100-pF capacitor 
can be used for output coupling.) 

construction 

The photo shows component layout. I used perf 
board with straight pin-to-pin wiring. If you wish to 
use a PC board, one could be easily designed. 
Nothing is critical about parts layout; however, short 
leads should be used in the oscillator circuit to 
preclude problems with stray capacitance. 

By Fred M. Griffee, W4IYB, 8809 Stark Road, 
Annandale, Virginia 22003 
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fig 1. The CMOS 1C frequency standard schematic Type JK flip flops connected in a D configuration are used in the divide by 4 circuit (U2A 
U3B). Type D flip flops could be used here 



Component arrangement of the CMOS frequency standard Layout 
is not critical: straight pin-to pin wiring is used Oscillator requires 
short leads for minimum frequency variation due to stray capaci 
tance. 


This CMOS crystal frequency marker standard is a 
big improvement over the standard once used 
and consumes only 2.8 milliamperes at 9 volts, or 
25.2 milliwatts. A 9-volt transistor radio battery 
power source was used and will probably last close 
to its shelf life. The frequency standard works fine 
through 10 meters. However, no equipment was 
available to check it through uhf, so I don't know 
whether sufficient energy will be present at these fre¬ 
quencies. The switching speed appears to be ade 
quate, however. 

Incidentally, a DT-cut crystal should be used for 
minimum temperature effects and frequency drift 
problems, since this type cut has much less frequen¬ 
cy variation due to nearby heat sources. 

references 

1. The Solid State Databook. Senes SSD203B. RCA Communica 
lions. Inc . pages 352 353 

2 Gerald Hall. K1PLP. "A TTL Crystal Oscillator.” QST. February, 
1974. page 34 

ham radio 


august 1977 Q 45 













CHOOSE 

TOP NOTCH RIG PERFORMANCE 
FROM THIS SHOWCASE 
OF SWAN METERS. 




Swan precision meters are designed 
and built to help you make sure you're 
putting out all the watts your rig 
can deliver. 

And Swan meters are priced 
so low they'll probably pay for 
themselves in improved rig per¬ 
formance and signal power. 


© 
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6200 


At last. A precision wattmeter for the 2-meter man. The upper-band man 
needs accurate output measurements, too. Now our WM6200 gives them 
to him with * 7% accuracy output power at 50 to 150 MHz two scales to 
200 watts. Reads SWR on expanded range scale. 

WM6200 In-Line Wattmeter $59.95 
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FS-2 


Measure power coming 
and going. Measure SWR 
and get maximum power 
to your antenna. Then get 
your antenna pattern right 
by measuring relative 
radiated power. A one-two 
power punch at a knockout 
price. FS-2 SWR and Field 
strength Meter $15.95 


Easy-on-the-pocket pocket SWR. 
Mighty mite SWR meter with high 
accuracy, SWR-3 indicates 1:1 to 
3:1 SWR at 50 ohms on frequencies 
from 1.7 to 55 MHz. Precision PC 
board directional coupler makes it 
a solid value at a rock-bottom price. 
swr- 3 Pocket SWR Meter $12.95 


SWR bridge bridges the price barrier. 

This little jewel gives you relative forward 
power and SWR on two 100 microampere meters 
at a remarkably low price. Rear mounted coax 
connectors for easy, neat installation. Capable of 
handling 1000-watt signals on frequencies from 
3.5 to 150 MHz. With low insertion loss, it s great 
for mobile operations, too SWR-1A Relative 
Power Meter and SWR Bridge $25.95 



























All-the-law-allows in-line wattmeter. 

With three scales to 2000 watts, new flat- 
frequency-response directional coupler for 
maximum accuracy and a price 
anybody can afford, this meter has 
become an amateur radio standard 
3.5 to 30 MHz with expanded range 
SWR scale. 

WM2000 in-Line wattmeter $59.95 


This wattmeter tells the truth about SSB. True peak envelope 
power of your voice modulated signal is what you want to know 
most about your SSB transmission, and that s where our 
WM3000 shines. Flat response forward or reflected power from 
3.5 to 30 MHz on scales to 2000 watts in RMS or peak at the flip 
of a switch WM3000 Peak/RMS wattmeter $79.95 


Sniffs out radiated power wherever 

it Is. This little unit is so compact it 
could measure relative radiated 
power in your pocket Telescoping 
antenna and a frequency range of 
1.5 MHz all the way to 200 mhz. 

FS-1 Field Strength Meter $10.95 
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Double-duty In-line wattmeter 

use this meter for output power 
measurement and troubleshooting, 
too. Better than 10% full scale 
accuracy from 2 to 30 MHz, and 
you can go to 50 mhz with only 
slightly reduced accuracy Four 
scales to 1500 watts and selector 
for forward or reflected power 
WM1500 In-Line Wattmeter $74.95 


Put your frequency up in lights. Perfect tuning and matching don t mean a thing if you re not on frequency 
This counter tells the story on big, bright 5-digit LED display Reads to ^ 100 Hz or ± 1 KHz between 5 KHz and 
40 mhz Signal levels to 50 millivolts so you can use as a test meter, too FC-76 Frequency Counter $169.95 


Use vour Swan credit card for any Swan meter 
Applications at your dealer or write: 



ELECTRONICS 

A iuMKtijry of CuOtc Corpontton 

305 Airport Road • Oceanside CA 92054 <714> 757-7525 





























audio-frequency 

speech processor 


Design and 
construction of a 
logarithmic limiting type 
speech processor 
featuring /*A741 ICs 


An easy way to improve ssb-transmitter per¬ 
formance is to use a well-designed speech processor 
between microphone and transmitter. Such a pro¬ 
cessor, if properly adjusted, will make a noticeable 
improvement in your transmitter speech readability. 
Contrary to current rumors, poor audio quality and 
increased bandwidth are not inherent in a good 
design. 

Audio-signal conditioning requires no transmitter 
modifications with the exception of a cooling fan to 
protect components because of the increase in aver¬ 
age power input to the final amplifier. Such a fan 
may be mounted externally if needed. 

The speech processor described here is of the 


logarithmic type 1 and is easy to adjust and use. 
When used with my SB-401, this speech processor 
resulted in a signal-strength increase at the receiv¬ 
ing end of at least two S-units. I've yet to get a re¬ 
port of poor audio quality or splatter, even from op 
erators using monitor scopes. As a result, I use the 
processor at all times. 

response 

Much has appeared in the amateur literature re¬ 
garding the ideal response of speech processors. 
For example, reference 2 states that, "The only way 
to accurately evaluate the actual improvement of- 



fig 1 Speech processor response below clipping level Vj n 0 054 
volt p-p; V out 0 230 volt p p at 0 dB Generator Z out 50 ohms; 
2 load * l*n«flohm 


By Frank C. Getz, K3PDW, 685 Farnum Road, 
Media, Pennsylvania 19063 
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fig. 3. Speech-processor schematic. Numbering for 14-pin DIPS is shown. 


U1.U2.U3 

SW1 

Cl 

C2.C7.C8.C9 

C3.C4 

C5 

C6 

CIO 

CR1.CR2 
R3.R4 
All other 
resistors 
SW1 


/<A741 operational amplifier (use mini-dip for PC boardl 

4 pdt rotary switch 

220 pF, 50 WVdc disc ceramic 

0.1 ,<f. 50 WVdc mylar 

0.05 ,if, 50 WVdc , 5% mylar 

0.02/if, 50 WVdc, 5% mylar 

0.001 ,<f. 50 WVdc, 5% mylar 

0.005 /if, 50 WVdc mylar 

1N914 diodes 

15k or 10k linear pot, composition type 

1/4 watt, 5% 

4 pole, 2 position 


fered by a speech processor is to measure the Intel¬ 
ligibility Threshold Improvement (ITI)." After much 
experimentation, I found the frequency response of 
fig. 1 to be a good compromise between maximum 
readibility and good audio quality. The audio band 
width is sufficiently limited without impairing voice 
quality. 

circuit description 

Fig. 2 shows the block diagram for the processor. 
The schematic is shown in fig. 3. R1C1 forms an rf 
filter to prevent rf on the microphone cable from get¬ 
ting into the processor. C2R2 gives some highpass 
filtering action. R2 provides bias to the noninverting 
input of U1, and combined with the input impedance 
of U1, will provide sufficient load to a crystal or ce 
ramie microphone to attenuate low-frequency com¬ 
ponents and reduce harmonic distortion produced by 
very-low-frequency energy entering the microphone. 

U1 is an adjustable gain-preamplifier, which over¬ 
comes losses in the highpass filter (C3, C4, and R5) 
and sets the input level to U2, the limiting amplifier. 


U2 limits because the nonlinear resistance character¬ 
istics of CR1 and CR2 supply increasingly heavier 
negative feedback as U2 output amplitude increases, 
which provides a logarithmic response. Limiting is 
soft and is similar to that of a compressor followed by 
a hard limiter. R8 eliminates any dc offset in U2 out¬ 
put due to input bias current. R9, R10, R11, and C5, 
C6, and U3 form a lowpass active filter, which at¬ 
tenuates frequencies above 2.8 kHz that may be 
generated in the clipping process. R13 provides out¬ 
put level adjustment, so that the transmitter drive- 


MICROPHONE 



fig. 2. Block diagram of the logarithmic speech processor. 


level control doesn't have to be changed when the 
processor is switched in or out. 

construction 

Wiring and component values with the possible 
exception of the resistors and capacitors that com¬ 
prise the high- and lowpass filters are not particu¬ 
larly critical. The usual precautions applicable to 
audio circuitry should be observed. 

The original version was wired on a small PC board 
intended for breadboarding DIP integrated circuits. It 
was then mounted along with two standard alkaline 
transistor radio batteries, in a 3 x 4 x 5-inch (77x102x 
128mm) aluminum box with plenty of room to spare. 
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fig 4 PC board layout, foil side 



A PC board layout is shown in figs. 4 and 5.* I 
used 1C sockets in my original unit, but these are not 
absolutely necessary. 

The alkaline batteries should be good for about a 
year of normal operation, but an ac power supply 
could be substituted if precautions are taken to mini¬ 
mize ac hum, which would be particularly trouble¬ 
some if introduced at this level. 

I mounted two double-pin audio connectors of the 
same type used for the transmitter microphone con¬ 
nector on the rear of my processor. These are the in 
put and output connectors and permit easy insertion 
and removal of the processor. The cable between 
processor and transmitter is of the same type as used 
on the microphone and is terminated at each end 
with a connector identical to that used on the 
microphone. (Don't forget to carry any PTT lines 
directly through the unit.) 

‘A printed circuit board is available from the author for $4 95 
and a self addressed stamped envelope. 


Although holders are available for 9-volt batteries, 
I found that the heavy flat plastic wire ties used by 
electricians to bundle conductors make a very secure 
mounting. Make sure to use the type with a mount¬ 
ing hole molded in one end. Standard battery clips 
were used for the electrical connections. 

operation 

Operation is simple. Once the settings of R3 and 
R13 have been established, the on-off switch is the 
only control used. I used screwdriver-adjust pots in 
my unit. 

The transmitter should be tuned in the normal 
fashion with the processor switched out. The 
transmitter microphone gain control should be set at 
the proper level, using a monitor scope or the 
transmitter's ALC indicator according to the instruc¬ 
tion manual. Turn limiting control R3 about one-half 
turn clockwise, switch in the processor, and adjust 
output control R13 for the same ALC indication or 
peak-monitor-scope deflection that was obtained 
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without the processor. On-the-air reports can then 
be used to determine the optimum setting of R3. 

After adjusting R3, always recheck the setting of 
R13. Use discretion in adjusting R3. Extreme limiting 
should be avoided if the best combination of signal 
strength and audio quality is to be attained. 

A too-high setting of R3 will also cause normal 
background noise to become objectionable as the 
audio gain for low-level signals is increased. Conse 
quently, the processor can be used most effectively 
in a quiet, echo-free environment. 

The use of this speech processor will increase the 
average power input to the final amplifier and cause 
some increase in final-amplifier -tube dissipation. To 



Breakaway section showing wiring and underchassis layout 


extend tube life, I added a small cooling fan. The fan 
I used is of the axial type. It is rectangular, about 5 
inches (128mm) on a side and about 1 Vi inches 
(38.25mm) thick, with mounting holes in each cor¬ 
ner. I fastened four small rubber feet at the mounting 
holes and placed the fan on top of the perforated lid 
of the transmitter, directly above the final tubes, so 
that the fan draws air from inside the cabinet. I 
decreased the air flow and noise level of the fan, both 
of which were excessive, by installing a resistor of 
about 375 ohms in series with the fan motor, which 
resulted in a quiet cooling system. 

Performance over a 12 month period has been ex¬ 
cellent. The increased range and number of solid ssb 
contacts have more than justified the modest invest¬ 
ment in time and material for the speech processor. 

references 

1. Bob Myers. W1FBY. "A Quasi Logarithmic Analog Ampli 
tude Limiter With Frequency Domain Processing.” QST. August. 
1974, page 22 

2. Gene Nurkka, VK9GN. "Integrated Circuit Single Sideband 
Speech Processor." ham radio, December, 1971, page31. 

ham radio 


SUPER STATION BUYS 

HY GAIN 18AVT/WB + 100 feet RGB coax *100.00 

HY GAIN 18V vertical *19.95 Model 214 2m Vagi *21.50 

VHF SPECIALS: Kenwood TS-700A List $599 Call for quote 
KLM: Antennas, Linears, Accessories All In Stock 
JANEL PREAMPS: In Stock. Technical Books (ARRL, Sams. 
Tab. RCA. T.I.. etc ) 

HAM X ROTOR (New Model) Turns 28 sq. ft of antenna 
(August delivery) List . . . *325 Order Now Your Price *289 
KLM KR400 ROTOR *85.00 

COE Big Talk Rotor *79.00 COE HAM-II *129.00 

BIRO WATTMETERS: In Stock 

SWAN METERS: WM 6200 VHF Wattmeter *49.95; SWR 1A *21.95 
TELEX HEADSETS: In Stock CETRON 572B *24.95 ea. 

CABLE 5/32", 6-strand, soft-drawn guy cable. For mast or 
light tower, 3c foot. 

BELDEN COAX CABLE: 8237 RG8 19r ft.. 8214 RG8 foam 
23r ft., 8448 rotor cable 14c ft.. 8210 72 ohm kw twinlead 
*19/100 ft. 8235 300 ohm kw twinlead *12/100 ft.. PL259 
49r; UG175 adapter 19c; PL258 double female *1.00. 

NYLON CORD 5000 ft. + per roll *15.00 
BELDEN 14 gauge copper stranded antenna wire *5.00/100 ft. 
RG8 foam Xtra-Flex coax 23c ft. RG8 foam Superflex coax 23c ft. 
22 gauge plastic covered for long wire, radials *3.50/1000 ft. 


CALL FOR QUOTES ON: ATLAS 350XL, 
KENWOOD TS520S, TS600A, TR7400A, 
FT101E, TEMPO 2020 & ETO-ALPHA. ALL IN 
SEALED CARTONS. CALL FOR QUOTES ON 
ITEMS NOT LISTED. 

CALL FOR FAST QUOTE. OR WRITE AND INCLUDE TELE¬ 
PHONE NUMBER. IF WE HAVE YOUR BARGAIN, WE'LL CALL 
YOU PREPAID. 


WE HAVE YOUR BARGAIN, WE'LL CALL 


TERMS: All prices FOB Houston. Prices subject to change without notice 
All Items Guaranteed. Some items sub)ect to prior sale. Send letterhead 
tor Amateur dealers price list. Texas residents add 5% tax. Please add 
postage estimate, excess refunded. 

MADISON 

ELECTRONICS SUPPLY, INC. 

isos mckinney Houston, texas 77002 

713/658-0268 Nites 713/497-5683 
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Quality for an Economy Prica 
Solid State Construction 
Linear Switch (FM/SSB) 
Broad Band 


Model Input Output Typical Frequency Price 
702 10W-20W S0W-90W 10Wtn/70Wout 143-149MHz *149.00 

702B 1W- SW 60W-80W 1Wm/70Wout 143149MHz $179.00 

Now gel TPL COMMUNICATIONS quality and 
reliability at an economy price The solid state construc¬ 
tion. featuring magnetically coupled transistors and a 
floating ground, gives you an electronically protected 
amplifier that should last and last. 

The Linear Bias Switch allows you to operate on either 
FM or SSB The 702 and 702B are exceptionally well 
suited lor 2-meter SSB Typical power output levels as 
high as tOOW PEP can be achieved wilh the proper drive 
The broad band Irequency range means that your 
amplifier is immediately ready to use No tuning is 
required tor the entire 2-meter band and ad|acent MARS 
channels on TPL s new Scono-line 

See these great new additions to the TPL COM¬ 
MUNICATIONS product line at your favorite radio dealer 

Call or mile lor prices and inlor- 
malion on TPL’s complete line ot 
amateur and commercial amphhers 

COMMUNICATIONS INC. 

1324 W. 135TH ST.. GARDENA, CA 90247 *(213) 538 9814 

Conodo A.C.S.nvmndt 8 Son* Ltd., 285 Yotklimd Blwd., Willouefole, OntarioM2J 1S8 
Export EMEC Inc., 2350 South 30th Avenue, Hollwtdole, Flo. 33009 
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INCLUDING 

SAROC’S THIRD HAWAIIAN CONVENTION 
November 1 to 8,1977 


Your holiday includes: 

• Attendance at SAROC Hawaiian Convention, Saturday and Sunday, November 5 and 6. 

• Seven nights at the fabulous HYATT KUILIMA RESORT HOTEL and COUNTRY CLUB on 
Oahu's North Shore. 

• Roundtrip air transportation, double occupancy in hotel room and SAROC Advance 
Registration just $350 per person. Limit 2 pieces of luggage per person. Tax and gratuity 
included. 

• Departs Los Angeles, November 1, 1977 — Returns November 8, 1977. (United Airlines 
OTC Flight) 

• Optional plan: $360 per person departing from and returning to Las Vegas via United. 

• $100 deposit immediately, full payment by September 15,1977. 

• SAROC Advance Registration $3.00, with Saturday Banquet $11 per person. 

Write for further details 


T A K O C' 


BOX 945, BOULDER CITY, NEVADA 89005 
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We’ve just made the impossible... 
a professional 3Vi digit DMM Kit for less than $60. 



The Sabtromcs Model 2000 is an impossible $59.95! 
And that price still includes phenomenal accuracy, range 
and professional features. 

This all-new bench/portable multimeter, reading to 
± 1999, has a basic accuracy of 0.1% ± 1 digit, and has 
five functions giving 28 ranges, 100% overrange and 
overload protection. So you know it’s no toy! 

Besides, what toys are as automatic as the 2000 9 With 
automatic over range indication, automatic polarity, 
even automatic zeroing! 

Vet the 2000 is easy to assemble. We send you all the 
parts you need, even the high-impact case. We also send 
you clear, step-by-step assembly instructions. 

So you end up with a professional quality 3’/z digit 
DMM for the unheard-of price of less than $60 From 
Sabtronics, specialists in digital technology. And 
manufacturers of the impossible 

Order yours today! 




INTERNATIONAL INC. 



Made in USA 


PO Box 64683 Dallas Texas 75206 (214)360-7310 


GUARANTEE: 

Our guarantee to you; examine the 2000 
DMM kit for 10 days If you’re not satisfied, 
return it unassembled for a full refund of 
purchase price. 

SPECIFICATIONS: 

DC volts in 5 ranges 100/xV to 1000V 
AC volts in 5 ranges 100/iV to 1000V 
DC current in 6 ranges 10nA to 2A 
AC current in 6 ranges 10nA to 2A 
Resistance in 6 ranges 1i2to20MU 
Input Impedance. 10MJ2 
Display 9mm ( 36") LED 
Power requirements 4 5 VDC to 6 5 VDC 
(4 ”C” cells-not included) 

Size 8"W x 6 5"D x 3.0’’H 
(203W x 165D x 76H mm) 


r-—- 1 

! To: Sabtronics International, Inc. hr | 

I P.O. Box 64683, Dallas, TX 75206 1 

J Please send me_Sabtronics Model 2000 DMM kit(s) at J 

■ $59.95 each. _subtotal j 

I Shipping and Handling, $5.00 per unit* _subtotal 


Texas Residents Add Sales Tax_ 

TOTAL enclosed_ 

Name_ 

Street Address _ 

City_ 

State _Zip_ 

•USA only. Canada. $6.50 All Other Countries, $10 00 
























low-cost 

microwave spectrum analyzer 


How to put together 
a microwave 
spectrum analyzer 
from surplus 
odds and ends — 
the completed unit 
covers dc to 2 GHz 

My ongoing efforts to develop low-cost modules 
for the 1296-MHz band have often required the use 
of a spectrum analyzer for monitoring (and mini¬ 
mizing) harmonic and spurious frequency com¬ 
ponents. Numerous excursions through the local 
surplus test equipment emporiums revealed that an 
acceptable instrument could cost several thousand 
dollars — well beyond the budget of the most 
dedicated experimenter. While searching for the 
unbeatable surplus buy which never materialized, I 
noticed the ready availability and comparatively low 
cost of a wide variety of S-band (2-4 GHz) test in¬ 
struments and components. It occurred to me that a 
microwave spectrum analyzer could be put together 
from these available parts at a considerable savings. 
This article documents the design, construction, 
operation, and performance limitations of the 
resulting microwave spectrum analyzer. While I 
doubt that any reader will want to duplicate my 
design in its entirety, I hope this article will provide 


guidance and encouragement to anyone attempting 
a similar project. 

performance requirements 

The operation of any spectrum analyzer can be 
characterized in terms of its frequency coverage, 
dispersion, dynamic range, sensitivity, and resolu¬ 
tion. To display frequency components well into the 
microwave region, I designed my spectrum analyzer 
to cover dc to at least 2 GHz. The same design 
strategy could be easily applied to other frequency 
bands. In fact, the upper frequency limit of this 
analyzer was later extended to 2.5 GHz, as discussed 
later. 

Dispersion describes the ability of a spectrum 
analyzer to display a broad slice of the frequency 
spectrum in a single sweep. Many of the low-cost 
analyzers on the surplus market display only a few 
MHz at a time. Such narrow-dispersion spectrum 
analyzers are useful as panadaptors, which display all 
signals within several hundred kHz of a specified 
operating frequency, but when tuning a microwave 
local-oscillator chain, monitoring mixer image 
response, or measuring transmitter harmonic con¬ 
tent, it is often desirable to display a band several 
hundred (or even thousand) MHz wide. The spec¬ 
trum analyzer shown here can display the spectrum 
from dc to 2 GHz in a single sweep. Since it's often 
desirable to narrow this sweep for a closer look at a 
particular signal, variable dispersion capabilities are 
included in the design. 

Sensitivity and dynamic range define the minimum 
and maximum signal amplitudes which an analyzer 
can display without distortion. In accordance with 
good engineering practice, I try to suppress all 
transmitted spurious products by 50 dB or more. To 
accurately measure this performance, the spectrum 
analyzer requires at least 50 dB of dynamic range. As 

By H. Paul Shuch, WA6UAM, Microcomm, 
14908 Sandy Lane, San Jose, California 95124 


54 GS august 1977 


for maximum input level, I often want to display a 
+ 10 dBm (10 mW) signal (this is the local-oscillator 
injection level required of many balanced mixers). 
Thus, 50 dB dynamic range with a +10 dBm max¬ 
imum input level yields an ultimate sensitivity require- 


with this design, I can resolve frequency components 
to within about 2 MHz. 

As most amateurs know, a general-coverage com¬ 
munications receiver can be used as a rudimentary 
high-frequency spectrum analyzer. With an input 


UPCONVERTER ASSEMBLY 



7.5k 

VIDEO 

LOAD 


fig. 1. Block diagram of the microwave spectrum analyzer. Most components were purchased on the surplus market. The swept local oscillator, 
the key to the analyzer, is a surplus 2-4 GHz backward wave oscillator. The display is an ordinary oscilloscope with dc coupling and provisions 
for external sweep. 


ment of -40 dBm, or 0.1 /*W. Greater sensitivity (a 
lower minimum discernible signal) could have been 
obtained, but only at the expense of dynamic range. 

The objective of any spectrum analyzer is to 
display the various components of a complex 
waveform in the frequency domain. The closer the 
frequencies of any two components, the more dif¬ 
ficult it is to separate them on the spectral display. 
Resolution relates to the minimum frequency separa¬ 
tion between two signals of equal amplitude which 
will still permit the operator to discern two separate 
frequency components on the display. 

Resolution can be approximated as twice the i-f 
bandwidth of the analyzer system. Generally, the ob¬ 
jectives of wide dispersion and narrow resolution are 
mutually exclusive. When measuring transmitter 
audio intermodulation products with a two-tone test, 
for example, a resolution of a few hundred Hz is re¬ 
quired, and dispersion is likely to be several tens of 
kHz. When viewing harmonics of a 100-MHz 
oscillator, on the other hand, 2-GHz dispersion may 
be required, but a resolution of several tens of MHz is 
acceptable. 

Resolution is primarily a function of i-f bandwidth, 
which for my analyzer is fixed at 1 MHz. Therefore, 


signal applied to the antenna terminals, the receiver 
is manually tuned through its frequency range 
(dispersion). Frequency components are detected 
and displayed (perhaps with the receiver's S-meter). 
Resolution is a function of the i-f bandwidth, which is 
probably a few kHz. Sensitivity is a function of the 
receiver's noise floor, and dynamic range is limited 
by the receiver's age and overload characteristics. 
Obviously, wide dispersion measurements require 
considerable operator intervention, in the form of 
tuning. Gain variations of the receiver from band to 
band will limit the accuracy of its amplitude indica¬ 
tion. Additionally, any nonlinearity in the receiver's 
age circuit may prevent accurate amplitude measure¬ 
ment across the receiver's entire dynamic range. 
Also, the receiver's image and spurious rejection may 
be insufficient to eliminate false indications. 

Ideally, a workable spectrum analyzer should be a 
superheterodyne receiver in which these shortcom¬ 
ings are minimized. Frequency tuning should be both 
automatic and rapid. Instead of an S-meter, 
amplitude is displayed on an oscilloscope. If the 
scope's horizontal deflection is slaved to the 
receiver's tuning mechanism, the result is a display in 
the frequency domain. Dynamic range must be max- 
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Front panel of the microwave spectrum analyzer showing the oper 
ating controls The variable i f attenuator (upper left), although call 
brated in 6 dB steps, permits amplitude comparison of signals dis 
played on the oscilloscope The i f bandpass filter (center) sets the 
frequency coverage of the analyzer, as discussed in the text 


imized, and spurious/image responses eliminated, to 
the greatest possible extent. 

Many of the objectives discussed previously are 
met in the design shown in fig. 1, a wide dynamic 
range microwave receiver with an electronically 
tuned local oscillator and ample image rejection. It in¬ 
cludes a 2-GHz i-f amplifier with variable gain and fix¬ 
ed bandwidth, and a sensitive detector for driving an 
oscilloscope. Unlike conventional receivers, this 
design up-converts the incoming signal to an i-f in 
the microwave region. Although this approach com¬ 
plicates i-f design, it permits wide dispersion tuning. 
It also improves separation of the rf and image 
signals so a simple lowpass filter can be used to 
eliminate image responses. 

The microwave spectrum analyzer is divided into 
three separate sub-systems: the local oscillator, 
unity-gain upconverter, and display sections. 

local oscillator 

Central to the design of this spectrum analyzer was 
the availability, on the surplus market, of a leveled, 
swept signal source covering 2 to 4 GHz. I used an 


Alfred 622BK sweep oscillator, but any similar 
generator should work satisfactorily. These sweep 
generators consist of a voltage-controlled oscillator, 
typically a backward wave oscillator or BWO (a 
microwave oscillator built around a device similar to a 
traveling wave tube), power supplies, a sawtooth 
generator for developing a constantly varying vco 
control voltage, and leveling circuitry to maintain 
constant output across the band. Start and stop fre 
quency adjustments permit the oscillator to sweep 
all, or any portion of, the 2 to 4 GHz band. Leveled 
output power is typically 10 to 30 milliwatts. 

Many companies are currently retiring their BWO 
sweep generators in favor of wideband, solid-state 
units, so quite a few BWO generators have recently 
appeared on the surplus market at prices ranging 
from $200 to $400 or so. Since this is the most costly 
component of the microwave spectrum analyzer, 
make sure the unit you buy is in good operating con¬ 
dition. Reputable electronics surplus dealers will 
often let you power up an instrument and make a few 
measurements prior to purchase. A practical test re¬ 
quires the use of a microwave power meter 
(bolometer bridge or equivalent) to observe output 
power in the leveled CW mode as the generator is 
manually tuned across the band. Although a few dB 
variation is acceptable, dead spots or severe power 
drop-off at the high end of the band indicates a fail¬ 
ing BWO. A good, used BWO should provide years 
of reliable life in intermittent amateur service. 



Interior of the spectrum analyzer converter section showing the 
double balanced mixer and attenuation pads, input filter, i-f filter, 
and variable i f attenuator 
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fig 2 Power levels in the upconverter used with the micrownve spectrum analyzer (with the variable attenuator set atO dB. which results in unity 
conversion gain) 


As can be seen in the block diagram, fig. 1, the 
spectrum analyzer converter assembly consists of an 
input lowpass filter, an S-band double-balanced mix¬ 
er, some attenuator pads, a high-Q i-f filter, a 
variable i-f attenuator, and sufficient i-f amplification 
to bring maximum conversion gain to unity. The i-f 
detector and its video load, though installed in the 
converter assembly, are discussed later with the 
display. 

The characteristics of the balanced mixer, more 
than any other component, establish the linearity and 
dynamic range of the analyzer. I used a Relcom M1F 
mixer which I found on the surplus market for $35 
(the mixer retails for about $200). The rated frequen¬ 
cy response of this mixer is dc-2 GHz at the i-f port, 
and 2-4 GHz at the rf and LO ports. Note that the in¬ 
coming signal is applied to the i-f port ; the rf port 
drives the i-f system. Thus, all ports are operated 
withinn their specified frequency ranges. 

With the 10 mW of local-oscillator injection applied 
to the mixer from the sweep generator, the mixer's 
conversion efficiency is compressed by 1 dB at an in¬ 
put signal level of 1 mW. Since I wanted to analyze a 
10 mW signal on the spectrum analyzer without ex¬ 
ceeding 1 dB compression, it was necessary to place 
a 10 dB attenuation pad ahead of the mixer's input 
(i-f port). This pad also assures proper impedance 
termination for the mixer, as does the 6 dB at¬ 
tenuator at the output (rf port). Fixed attenuators for 
dc to 2 GHz are available to the surplus bargain 
hunter for as little as $5.00, or may be purchased new 
for $15 to $20. 

With 2 GHz i-f, and a swept LO covering 2 to 4 
GHz, the mixer will respond to signals in the dc-2 
GHz region, as well as in the 4-6 GHz image band. 
Any components in the image band will cause con¬ 


siderable confusion on the display. Thus an input 
lowpass filter was installed in the system to block all 
signals above 3 GHz from entering the mixer. I used a 
Microlab/FXR LA-30N filter which I salvaged from 
another piece of equipment. Although the filter 
originally cost $40, similar devices are available 
through surplus outlets for $5 to $10. 



Spectrum analyzer i f section. The three 2-GHz amplifiers are at the 
bottom Diode detector is at upper left 
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The i-f bandwidth of this analyzer is established by 
a high-Q tunable coaxial or cavity filter which is tun¬ 
ed to 2 GHz. I used the filter from a surplus TS-406 
noise generator, but any cavity with a Q of 1000 or 
greater should be acceptable. It's also possible to use 


filter to vary i-f gain . The attenuator I used was also 
salvaged from the TS-406 noise generator, but any 
continuously variable or step attenuator rated to 2 
GHz is acceptable — 10 dB steps will allow coarse 
system gain control; if 1 dB resolution is included, 



Example of spectral impurity, as displayed on the microwave spectrum analyzer Presence of harmonic, subharmonic, and spurious signals 
shown in A is the result of an overdriven uhf amplifier The same amplifier, with drive reduced to the rated level, is shown at B: the one spurious 
component is down by more than 20 dB Display is from dc to 2 GHz 


a transmission-mode cavity wavemeter as an i-f filter. 
These widely available devices have a loaded Q of 
several thousand, and exhibit only a few dB of inser¬ 
tion loss at resonance. Note that an absorption-type 
wavemeter is not acceptable because the filter must 
pass maximum signal to the i-f amplifiers at 
resonance. 

A 50 dB variable attenuator was installed after the 



Microstripline side of the 2 GHz amplifier (Microcomm PA 13) 
Three of these units provide 30 dB gain at 2 GHz 


the attenuator can also be used for accurate signal 
level comparison. This is accomplished by viewing 
one signal component, setting a convenient refer¬ 
ence level on the display, varying the attenuator for a 
like indication on the other signal component, and 
noting the change in attenuator settings. 

Considerable i-f gain is required to achieve the 
desired sensitivity. I cascaded three stages of the 
Microcomm PA-13 buffer amplifier.* These 
microstripline amplifier modules offer 10 dB of gain 
per stage across the 2.0-2.3 GHz band, and are 
biased for 30 mW output at 1 dB gain compression. 
Since i-f noise figure is not a limiting factor so far as 
system sensitivity is concerned, any available wide 
dynamic range amplifier for 2 GHz may be used. 

display 

The local-oscillator signal for the spectrum 
analyzer is swept by a sawtooth waveform; 
therefore, displaying a signal in the frequency do 
main is simply a matter of detecting the output signal 
from the i-f amplifiers, applying the recovered video 
to the vertical deflection amplifier of an oscilloscope, 
and applying the sawtooth output voltage from the 
sweep generator to the oscilloscope's horizontal 
axis. Since a relatively slow sweep rate is used, the 

•Available for $64 95 per stage (plus postage and handling! from 
Microcomm. 14908 Sandy Lane. San Jose. California 95124 
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Output of a local-oscillator chain for a 1296 MHz converter At A the i f gain of the spectrum analyzer has been increased to show the spurious 
signals, which are 30 dB below the desired signal The display at B shows the output of the same local oscillator after it has passed through a 3 
pole bandpass filter Although the filter has attenuated the desired signal by 1 dB. all spurious signals are down more than 50 dB 


frequency response of the oscilloscope is unimpor¬ 
tant. Virtually any scope with dc coupling and provi¬ 
sions for external sweep may be used. 

The dynamic range of the detector which follows 
the i-f amplifiers is of major concern. Fig . 2 shows 
the nominal gain or loss of each element of the 
analyzer upconverter, as well as maximum and 
minimum signal levels present at each stage with 
zero i-f attenuation (maximum sensitivity). Since the 
upconverter is operated at unity gain, the power 
available to the detector will vary from + 10 to - 40 
dBm. Thus the diode's tangential sensitivity must be 
considerably below -40 dBm, and the diode's 
saturation point above + 10 dBm, for a usable 
display. Although I know of no diode whose transfer 
characteristics are uniform over so wide a range, the 
1N21 family of point-contact diodes are acceptable 
within certain limitations (discussed later). 

Diode dynamic range is enhanced by the optimum 
terminating impedance, which may vary between 
1000 ohms and 10 kilohms or so. The input im¬ 
pedance of an oscilloscope's vertical deflection 
amplifier is typically 1 megohm; thus, to assure pro¬ 
per termination for the diode, a loading resistor is re¬ 
quired, as shown in fig. 1. Since terminating the 
diode's video port degrades the amplitude of the 
recovered video, increased oscilloscope vertical sen¬ 
sitivity is required. On my analyzer, a 7.5k ohm video 
load, in conjunction with a vertical sensitivity of 10 
mV/cm, provides an acceptable display. 

Note that the vertical display of the spectrum 
analyzer is approximately linear, not logarithmic. 
Therefore, it is possible to view only about 25 dB of 


amplitude range at once, and only with extremely 
limited amplitude resolution. However, by using the 
i-f attenuator to establish reference levels as de¬ 
scribed previously, the entire 50 dB of usable 
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fig 3 Transfer characteristics of a typical microwave diode detec 
tor using a point contact diode 
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dynamic range can be put to use. Future plans in¬ 
clude capability for a logarithmic display, as outlined 
toward the end of this article. 

I built the entire upconverter module in the case of 
a surplus noise generator (the filter and attenuator of 
which formed key i-f elements in my system). As can 
be seen in the photographs, the i-f amplifiers are 
mounted on standoffs inside the main chassis, and 
connected with UT-141 semi-rigid coaxial cable. If 

-,35 - I 


converter image response, and transmitter inter¬ 
modulation products. 

improving sensitivity 

One of my primary design objectives was the abili¬ 
ty of the analyzer to handle relatively large ( + 10 
dBm) input signals without overloading. The input 
pad shown in fig. 1 , although it prevents mixer 
overload at these signal levels, obviously limits the 

H0 - . 



VERTICAL SENSITIVITY = 10 mv/cm 
IF ATTENUATION * 0 48 


VERTICAL SENSITIVITY * 200 mv/cm 
IF ATTENUATION = 0 48 


fig 4. Approximate vertical scale calibration of the analyzer display (no video processing). Note the excellent linearity at high power levels, and 
the compressed display when the detector diode is operated in the square-law region. 


flexible coax is used, I recommend RG-142B/U. This 
'A -inch (6.5mm) cable is double-shielded, silver 
plated, has a Teflon dielectric, and accepts clamp- 
type SMA plugs of the low-cost E. F. Johnson JCM 
series. 

If desired, the i-f amplifiers may be mounted in 
Pomona 3601 die-cast aluminum boxes. These boxes 
present a neat appearance and afford somewhat bet¬ 
ter shielding than the standoff approach I used. 

The various components of the upconverter 
assembly sport a variety of connectors; between- 
series adapters are required to interface types N, 
SMA, and TNC receptacles. 

operation and applications 

A recent article discussed a variety of spectrum 
analyzer applications of interest to amateurs. 1 For 
additional information, Hewlett-Packard has pub¬ 
lished two application notes which discuss both the 
procedures and the theory of spectrum analysis. 2 - 3 

The accompanying photographs show the displays 
obtained with this analyzer when measuring LO har¬ 
monic content, balanced mixer carrier rejection , 


ultimate sensitivity of the system. Additional i-f 
amplification would enhance the ability of the 
analyzer to display very small signals — but then the 
detector diode would saturate at high input signals. 

Where both increased sensitivity and large-signal 
handling capability are required, it's necessary to 
replace the 10 dB input pad with an appropriate step 
attenuator (and possibly adding additional i-f stages). 
One candidate for the input attenuator is the Kay 520 
which offers 10 dB steps to 70 dB and is flat to 2 
GHz. This unit is priced under $100 , but like 
everything else in my spectrum analyzer, units are 
often available through surplus sources at con¬ 
siderable savings. 

Note that no variation in input attenuation or i-f 
gain can increase the dynamic range of this analyzer 
beyond 50 dB or so. Therefore, it is essential that the 
operator select input attenuation which is ap¬ 
propriate for the anticipated signal level. In short, in¬ 
put attenuation should be such that the signal ap¬ 
plied to the mixer does not exceed 1 mW, and that to 
the detector remains below 30 mW. A simple 
operating check involves increasing the input at- 
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As a transmitting mixer s i f port is overdriven, intermodulation 
products at LO ♦ 2i 1 become more pronounced, and the amplitude 
of signals at LO ♦ 3i f begins to increase This display also shows 
the second harmonic of the i f injection signal (at the left) 

tenuation by 10 dB while decreasing i f attenuation 
by the same amount. An increase in the apparent 
amplitude of the displayed signal indicates that the 
mixer was being over driven. 

expanding frequency coverage 

Recently I became involved in designing amplifier, 
mixer and LO modules for 2304 MHz. and wanted to 
extend the upper frequency limit of this spectrum 
analyzer. This could be accomplished by varying 
either the swept LO frequency or the i f frequency, 
or both. Since the LO frequency range is limited by 
the coverage of the available sweep generator, I 
chose to change the i f frequency. 

With a 2 to 4 GHz swept LO, frequency coverage 
from 500 MHz to 2.5 GHz could be obtained by modi 
fying the analyzer's i f to 1.5 GHz. However, this ex 
ceeds the rated frequency range of the mixer's rf and 
i f ports. Fortunately, the frequency response of the 
i-f port of the mixer I used exceeded the specified 2 
GHz. At 2.5 GHz input, vswr is degraded somewhat, 
but the use of the 10 dB input pad effectively masks 
this mismatch. As for the frequency response of the 
mixer's rf port (used to develop i-f output), reducing 
the i-f frequency to 1.5 GHz degrades conversion ef 
ficiency by several dB The i-f is fixed, however, so 
this degradation applies equally to all input signals, 
and no system linearity is sacrificed. 

I originally planned to switch in a separate i-f 
system for high band (0.5 2.5 GHz) coverage, but I 
discovered that the PA 13 i-f amplifiers were suffi 
ciently broadband that they have usable gain at 15 
GHz. Since the cavity filter used to establish i-f band 
width is tunable, setting the spectrum analyzer up for 
high band coverage is simply a matter of retuning the 
i f filter to 1.5 GHz. In this mode, overall analyzer 


sensitivity is degraded by about 10 dB, but it is still 
adequate for many applications. 

With a 1.5 GHz i f. the input signal range extends 
from 500 MHz to 2.5 GHz, and the image band from 
3.5 to 5.5 GHz; therefore, the existing 3 GHz lowpass 
filter provides ample image rejection without 
degrading input frequency coverage. 

detector limitations 

In normal operation (fig. 2) the diode detector 
sees a power level from 40 to +10 dBm Fig 3 
shows the transfer characteristics of a typical 
microwave detector diode over this range. It can be 
seen that the diode is being driven from its square 
law region into its linear region. Thus, at high signal 
levels, 10 dB of signal change results in approximate 
ly a 10 dB change in recovered video amplitude; at 
lower power levels a 10 dB input signal variation 
may change video amplitude by up to 20 dB. Ob¬ 
viously, the linearity of the display is marginal, at 
best, and usable dynamic range is restricted to 
about 25 dB unless the operator varies i f gain, or 
vertical sensitivity or both. 

Hewlett Packard introduced a series of 
oscilloscope overlays for interpreting non-linear 
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Properly driven 1296 MHz transmit mixer, at the output of a 3 pole 
bandpass filter The image, i f. and LO signals are all 40 dB down 
intermodulation products are more than 50 dB down The small pip 
at the left side of the trace is the bandedge marker and represents 
zero frequency: it is produced when the LO sweeps through the i f 
filter 

(more properly, non-logarithmic) swept displays.' 1 A 
similar set of overlays, which I have derived for my 
spectrum analyzer, is shown in fig. 4 Although 
this calibration data is valid only for my analyzer, a 
similar vertical axis can be derived for any spectrum 
display. All you have to do is apply an input signal of 
known amplitude through an accurate step at 
tenuator By varying the attenuation and noting the 


august 1977 [3 61 


































































displayed amplitude, calibration lines can be grease- 
penciled directly on to the face of the CRT. 

The utility of this spectrum analyzer would be 
greatly enhanced if it were possible to display 
simultaneously all signals between -40 and +10 
dBm. If you want to view the entire 50 dB dynamic 
range without adjusting reference levels with the i-f 
attenuator or,varying vertical sensitivity, it will be 
necessary to apply the output of the detector into a 
compression video amplifier. 

There are several integrated circuits available 
which provide logarithmic video amplification; with a 
logarithmic amplifier a display such as that shown in 
fig. 5 can be obtained. Note that below about - 10 
dBm, the display approaches a uniform 5 dB per cen¬ 
timeter deflection. However, the transition from 
square-law to linear detection results in severe scale 
compression at higher power levels. 

An ideal spectrum analyzer display should have 
vertical response similar to that shown in fig. 6. 
Although I have not yet been able to achieve this per¬ 
formance, it should be possible by developing a 
logarithmic video amplifier which makes its transition 
to linear response above a selected input level. 

An approach used successfully by Pacific 
Measurements in their logarithmic power meters in¬ 
volves an operational amplifier in which the feedback 
resistance is a nonlinear element (a semiconductor 
junction). As the junction potential of this feedback 
path is exceeded, the gain curve of the op amp 
changes. The result is an amplifier which makes its 

dBm 



VERTICAL SENSITIVITY * 40 my/cm 
IF ATTENUATION * 0 dB 

fig. 5. Typical vertical scale calibration of a spectrum analyzer with 
a logarithmic video amplifier. In this case display linearity is good 
at lower input signal levels, but compresses rapidly as the detector 
diode enters the linear region. 


transition from logarithmic to linear response at 
selected power level. Perhaps some reader will be 
able to contribute a similar circuit for appropriately 
shaping the video output of the spectrum analyzer's 
diode detector. What is needed is a display whose 



fig. 6. Ideal vertical response fora spectrum analyzer. This response 
requires a video amplifier with a logarithmic compression curve be¬ 
low an input of 200 mV, and linear response above 400 mV. 

amplitude is graduated at 5 dB per centimeter, over 
the entire dynamic range of the system. This 
modification would significantly enhance both 
measurement accuracy and ease of operation. 
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There are a number of good 2 meter FM transceivers on the market You may already own one. 

But, even If you do, we suggest that you put your radio to this test. And, if you're thinking of buying 
one. this test should be a helpful guide 

NO YES 

Is it PLl synthesized? □ □ 

Does it have 100 channels (88 pre-programmed)? □ □ 

Does it have 12 extra diode programmable channels? □ □ 

Does it have single knob channel selection? □ Q 

Does it have a LED digital frequency display? □ Q 

Dos it have a powered tone pad connection? □ □ 

Does the receiver have helical resonators? □ □ 

If your answer is NO to any of these, the TR-7500 is the radio that you should own. And, 
in addition to these important features, you get proven Kenwood quality, value and service. 



L / TR-7500 

0 ;Specifications 


Semiconductors Transistors 
FETs 
ICs 

Diodes 

frequency Range 146 01 to 147 99 MHz 
Mode IM 

No ol Channels 100 
Operating Temperature -20 to 

. 50 degrees C 

Power Voltage 11.5 to 160V DC (13.8V 
DC nominal) 


Gioundmg Polarity Negative giound 
Antenna Impedance 50 Ohms 

Current dram less than 0 5A in receive 
with no input signal 
Less than 3A in tiansmit 
(HI) Less than 15A in 
transmit (LOW) 

(at 13.8V DC) 

Dimensions 172 mm (6—3/4") wide 
250 mm (9- 7/8") deep 
75 mm (2-15/16") high 
Weight Approximately 2.2 Kg (4 8 lbs) 
TRANSMIT SECTION 
Rf Output Power High: 10 Watts 
low I Wall 
(appioximatety) 
Modulation Variable leactance 
frequency shift 
Frequency Deviation • 5 KHz 
Spurious Radiation Bettei than - 60dB 


Tone Pad Input 
Impedance 600 Ohms 
Microphone Dynamic microphone with PIT 
switch. 500 Ohms 
RECEIVE SECTION 
Receive System: Double conversion 
superheterodyne 

Intermediate Frequency 1st IF 10 7 MHz 
2nd IF 455 KHz 

Sensitivity Bettei than 04 uV tor 20dB 
quieting Belter than 
I uV lor 30dB S/N 

Squelch Sensitivity Better than 0 25 uV 
Selectivity l2KHz at -6dB down 
40 kHz at -70dB down 
Image Reiedion Better than -70dB 
Spurious Interference Belter than 60dB 
Audio Output More than 15 watts across 
8 Ohms load 10« distortion 
Inteimodulalion Bettei than 66dB 











































AND DG-5 DIGITAL FREQUENCY DISPLAY 


A NEW STANDARD IN 
ECONOMY TRANSCEIVERS 


The NEW TS-520S combines all of the fine, field-proven characteristics of the original TS-520 together 
with many of the ideas, comments, and suggestions for improvement from amateurs 
worldwide. Kenwood's ultimate objectives... to make quality equipment available at reasonable prices. 


FULL COVERAGE TRANSCEIVER 

The newTS-520S provides full cover¬ 
age on all amateur bands from 1 8 to 
29 7 MHz. Kenwood gives you 160 
meter capability. WWV on 1 5 000 
MHz . and an auxiliary band position 
for maximum flexibility And with the 
addition of the TV-502 and TV-506 
transverters, yourTS-520S can cover 
160 meters to 2 meters on SSB and CW 
DIGITAL DISPLAY DG-5 (option) 

The new Kenwood DG-5 provides easy, 
accurate readout of your operating fre¬ 
quency while transmitting and receiving 

OUTSTANDING RECEIVER 
SENSITIVITY AND MINIMUM 
CROSS MODULATION 

The newTS-520S incorporates a 3SK- 
35 dual gate MOSFET for outstanding 
cross modulation and spurious response 
characteristics The 3SK35 has a low 
noise figure (3.5 dB typ.) and high gam 
(18 dB typ.) for excellent sensitivity 
NEW IMPROVED SPEECH 
PROCESSOR 

A new audio compression amplifier gives 
you extra punch in the pile ups and 
when the going gets rough 

VERNIER TUNING FOR FINAL 
PLATE CONTROL 

A new vernier tuning mechanism allows 


easy and accurate adjustment of the 
plate control during tune-up 

FINAL AMPLIFIER 

The new TS-520S is completely solid 
state except for the driver (12BY7A) 
and the final tubes Rather than substi¬ 
tute TV sweep tubes as final amplifier 
tubes in a state of the art amateur trans¬ 
ceiver. Kenwood has employed two 
husky S-2001A (equivalent to 6146B) 
tubes These rugged, time-proven tubes 
are known for their long life and superb 
linearity 

HIGHLY EFFECTIVE NOISE 
BLANKER 

An effective noise blanking circuit 
developed by Kenwood that virtually 
eliminates ignition noise is built-in to 
the TS-520S 

RF ATTENUATOR 

The new TS-520S has a built-in 20 dB 
attentuator that can be activated by a 
push button switch conveniently located 
on the front panel 

VFO 520 —NEW REMOTE VFO 

The VFO-520 remote VFO has been 
designed to match the styling of the 
TS-520S and provide maximum oper¬ 
ating flexibility on the band selected 
on your TS-520S 


AC POWER SUPPLY 

The TS-520S is completely self-con¬ 
tained with a rugged AC power supply 
built-in. The addition of the DS-1A DC- 
DC converter (option) allows for mobile 
operation of the TS-520S. 

EASY CONNECTION PHONE PATCH 

TheTS-520S has 2 convenient RCA 
phono lacks on the rear panel for PHONE 
PATCH IN and PHONE PATCH OUT 
CW 520-CW FILTER (OPTION) 

The CW-520 500 Hz filter can be easily 
installed and will provide improved 
operation on CW. 

AMPLIFIED TYPE AGC CIRCUIT 
The AGC circuit has 3 positions (OFF, 
FAST. SLOW) to enable the TS-520S 
to be operated in the optimum condi¬ 
tion at all times whether operating CW 
or SSB. 

The TS-520S retains all of the features 
of the original TS-520 that made it tops 
in its class: RIT control • 8-pole crystal 
filter • Built-in 25 KHz calibrator • Front 
panel carrier level control • Semi-break- 
in CW with sidetone • VOX /PTT/MOX • 
TUNE position for low power tune up 

• Built-in speaker • Built-in Cooling Fan 

• Provisions for 4 fixed frequency chan¬ 
nels • Heater switch 
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TS-520S 


FUNCTION POWER 


( l >Specifications 

Amateui Bands: 16010 meters 
plus WWV (receive only) 

Modes: USB, LSB, CW 
Antenna Impedance: 50-75 06ms 
Frequency Stability Within ± 1 
KH; during one hour alter one 
minute of warm up and within 
100 Hi during any 30 minute 
period thereafter 
lubes t Semiconductors: 
lubes 3 

(S2001A«2,12BY7A) 

Transistors 62 

FETs 19 

Diodes 101 

Power Requirements 120/220 V 
AC, 50/60 Hi. 13 8 V DC 
(with optional OS 1A) 

Power Consumption Transmit 
280 Watts Receive 26 Watts 
(with heater oft) 

Dimension: 333(135) W 1 153 (6 0) 
H «335(13 (13 3/16) 0 mm(mch) 
Weight 16 0 kg(35.2 lbs) 
TRANSMITTER 

RF Input Power SSB 200 Watts 
PEP CW 160 Watts DC 
Carnet Suppression Better than 
-40 dB 

Sideband Suppression Better 
than 50 dB 

Spunous Radiation Better than 
40 dB 

Microphone Impedance 50h Ohms 
AF Response 400 to 2,600 Hi 


RECEIVER 

Sensitivity: 0 25 uV tor 10 dB 
<S+N)/N 

Selectivity SSB 24 kHz/-6dB 
4 4 kHi/-60 dB 

Selectivity CW 0 5kHz/-6dB. 
1.5 kHi/-60 dB (with optional 
CW 520 filter) 

Image Ratio Better than 50 dB 
IF Reaction Better than 50 dB 
AF Output Power TO Watt (8 
Ohm load, wdh less than 10% 
distortion) 

AF Output Impedance 4 to 16 
Ohms 

DG 5 

SPECIFICATIONS 
Measuring Range 100 Hi to 
40 MHi 

Input Impedance 5 k Ohms 
Gate Time 01 Sec 
Input Sensitivity 100 Hi to 40 
MHi 200 mV rms or over, 10 
kHi to 10 MHi 50 mV or over 
Measuring Accuracy Internal time 
base accuracy ±0.1 count 
Time Base 10 MHi 
Operating Temperature 10* to 
50' C/14” 122” F 
Power Requirement Supplied 
Irom IS 520S or 12 to 16 V0C 
(nominal 13 8 VDC) 

Dimensions 167(6 9/16) W i 
43(1 11/16) H« 268(10 9/16) 0 
mm(mch) 

Weight 1.3 kg(29 lbs) 



DG-5 

(optional) _ 

The luxury of digital readout is available on the TS-520S by connecting the 
new DG-5 readout (option). More than just the average readout circuit, this 
counter mixes the carrier. VFO. and heterodyne frequencies to give you your 
exact frequency This handsomely-styled accessory can be set almost any¬ 
place in your shack for easy to read operation or set it on the dashboard 
during mobile operation (or safety and convenience Six bold digits display 
your operating frequency while you transmit and receive Complete with DH 
(display hold) switch for frequency memory and 2 position intensity selector 
The DG-5 can also be used as a normal frequency counter up to 40 MHz at 
the touch of a switch (Input cable provided ) 

NOTE TS-520 owners can use the DG-5 with a DK-520 adapter kit 
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Phone 

patch 

connections 



Transverter jack 


120V /220V switch 


TRIO KENWOOD COMMUNICATIONS INC. 1111 WEST WALNUT/COMPTON CA 90220 
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We told you that the TS-820 would be the best. In little more than a year our promise 
has become a fact. Now. in response to hundreds of requests from amateurs, Kenwood 
offers the TS-820S*.. .the same superb transceiver, but with the digital readout factory 
installed. The worldwide demand for the TS 820 far exceeded our initial production plans. 
However, production capacity has been substantially increased and our objective is to 
make the TS-820S more readily available to you. As an owner of this beautiful rig, you will 
have at your fingertips the combination of controls and features that even under the 
toughest operating conditions make the TS-820S the Pacesetter that it is. 


n- 


eatures 


Following are a few of the TS- 
820S many exciting features 


SPEECH PROCESSOR • An RF 

circuit provides quick time constant 


compression using a true RF 
compressor as opposed to an AF 
clipper Amount of compression is 
ad|ustable to the desired level by a 
convenient front panel control 



TV-506 


TS-820S 


SP-520 


PLL • The TS-820S employs the 
latest phase lock loop circuitry The 
Single conversion receiver section 
performance offers superb protection 
against unwanted cross-modulation 
And now PLL allows the frequency 
to remain the same when switching 
sidebands (USB LSB. CW) and 
eliminates having to recalibrate 
each time 

DIGITAL READOUT • The digital 
counter display is employed as an 
integral part of the VFO readout 
system Counter mixes the carrier. 
VFO. and first heterodyne frequen¬ 
cies to give exact frequency Fig 
ures the frequency down to 10 Hz 
and digital display reads out to 


100 Hz Both receive and transmit 
frequencies are displayed in easy to 
read. Kenwood Blue digits 


^specifications 


FREQUENCY RANGE 1 8 29 7 MM/ 

(160 • 10 meters) 

MOOES USB LSB CW FSK 
INPUT POWER 200W PEP on SSB 
160 W DC on CW 
100 W DC on FSK 

ANTENNA IMPEDANCE 50-75 ohms 
unbalanced 

CARRIER SUPPRESSION Belter than 40 dB 
SIDEBAND SUPPRESSION Better than 50 dB 
SPURIOUS RADIATION Greater than -60 dB 
(Harmonics more than -40 dB) 

RECEIVER SENSITIVITY Better than 0 25uV 


RECEIVER SELECTIVITY 
SSB 2 4 kHz (b dB) 

4 4 kH; ( 60 dB) 

CW* 0 5 kH/ < 6 dB) 

1 8 kH/ ( 60 OB) 

•(with optional CW titter installed) 
IMAGE RATIO 160-15 meters Better than 
60 dB 10 meters Better than 50 dB 
IF REJECTION Better than 80 dB 
POWER REQUIREMENTS 120/220 VAC 
50'60 Hz 13 8 VDC (with optional 
DS 1A DC DC converter) 

POWER CONSUMPTION Transmit ?80 Watts 
Receive 26 Watts (heaters off) 
DIMENSIONS 13-1/8 W ■ 6 H 
> 13-3/16 D 

WEIGHT 35 2 lbs (16 kg) 


VFO 820 

Function switch provides any combina¬ 
tion of transmit / receive /transceive with 
the TS-820S Both are equipped with 
VFO indicators showing which VFO 
is in use 


IF SHIFT • The IF SHIFT control 
varies the IF passband without 
changing the receive frequency 
Enables the operator to eliminate 
unwanted signals by moving them 
out of the passband of the receiver 
This feature alone makes the TS- 
820S a pacesetter 


SP 520 

Allhough the TS-820S has a built-in 
speaker the addition ot the SP-520 
provides improved tonal quality A perfect 
match in both design and performance. 

TV 502 

The TV-502 transverter puts you on 2- 
meters the easy way Operates in the 
144 0-145 7 MHz frequency range with 
a 145 0-146 0 MHz option Completely 
compatible with the TS-820S, the TS- 
520S and most any HF transceiver 

TV 506 

Similar to the TV 502 except that it 
opens up the 6-meter band (50 0-54 0 
MHz) to your HF rig 
The TS-820 and DG-1 are still avail¬ 
able separately 































serial converter 


for 8-level 
teleprinters 

This converter 
translates Baudot to ASCII 
and ASCII to Baudot 
using readily available ICs 
— recommended for 
the experienced amateur only 

At the outset I'd like to stress that this is a project 
for the experienced amateur with the technical 
know-how to connect the converter described to 
appropriate points in his demodulator or fsk circuit. 

The heart of the converter is the universal asyn¬ 
chronous receiver/transmitter (UAR/T), a 40-pin 1C 
that contains both an independent, 8-bit asyn¬ 
chronous, digital-data receiver, and an 8-bit asyn¬ 
chronous, digital-data transmitter. The UAR/T has 
been described earlier in ham radio. 1 - 2 

Parts layout and wiring of the converter is quite a 
task in itself. Sockets are mandatory for the ICs as 
some are MOS devices, which are sensitive to 
ungrounded soldering irons. Fairly heavy bus wire is 
necessary for ground (common) and + 5-volt leads. 
Also, liberal use of 0.01-/^F ceramic disc capacitors 
(not shown in the schematic) is required to bypass 
+ 5, and -12 volt circuits. 

All NAND gates used as inverters can be replaced 
by hex inverters to reduce component count. Type 
74121s can be replaced by 74123s except where both 
A inputs are used. 

Those readers interested only in receiving RTTY 
with an 8-level machine can save much time and 
money by deleting the connections (except for 
grounds and clock inputs) to the much more com¬ 
plex ASCII-to-Baudot section, which is shown below 
the dashed lines of both UAR/Ts in fig. 1. 


The cost for the complete converter should be well 
below $100; possibly around $50. The 8223 proms 
can be replaced with 82S23s, which are currently on 
the market for about $3 each. The UAR/T ICs can be 
replaced with the Gl AY-5-1013A, which is less ex¬ 
pensive, about $6.50. The 3351 fifo devices can be 
obtained for about $14 through W6KS, as mentioned 
in the RTTY Journal. The other chips are standard 
devices and are available for about 50 cents or so. 

Baudot-to-ASCI I /ASCII-to-Baudot converters 
have been described in other publications but were 
not directly compatible with RTTY, which is a serial 
system, and didn't take advantage of the UAR/Ts. 

circuit description 

The converter schematic is shown in g. 1. The 
serial 5-bit Baudot signal at TTL level enters U1 at pin 
20 and appears in parallel form at pins 8 through 12. 
ICs U2, U3 sense whether letters or figures have 
been sent and set R/S flip-flop U4 to enable either 
U5 or U6, which translate the 5-bit Baudot code to 7- 
bit ASCII code; this translation appears at U6 pins 1 
through 7. (The no. 8 bit is a parity bit, which is used 
with computers, and is unnecessary for amateur 
RTTY. I have modified my model 35ASR so that the 
no. 8 bit is always a zero.) 

Output from U6 is applied to UAR/T U7 and ap¬ 
pears in serial form at pin 25, which is connected 
through driver Q1 to a 4N33 opto-isolator, U8. 
Another 4N33, U9, is connected in series with U8, 
whose output with that of U8 is inserted into the 
loop of a model 33 or 35 ASR. This circuit keeps 
modifications of the ASCII machine to a minimum. 

The signal originating from either the keyboard or 
tape reader of the ASCI machine is connected to the 
input of the second 4N33, U9, and its output serially 
feeds into U7-20. This data appears in parallel form at 
U7 pins 12 through 19. 

Because there are no LTRS or FIGS in the ASCII 
code, these characters must be generated. For this 
reason the 6th and 7th ASCII bit, which appear at 
pins 7 and 6 respectively to U7, are sensed by 7474 
flip-flop U10. In combination with 7474 flip-flop U11, 
U10 will disable the 8223 proms U12, U13 
temporarily. 

By Eric Kirchner, VE3CTP, Ontario Science 
Center, Don Mills, Ontario, Canada 
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table 1. 

Program fori 

8223 

prom. 

Baudot-to-ASCII letters 

(US) 





Word 

A 4 

3 

2 

1 

0 

Symbol 

B 0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

0 

0 

Blank 

0 

0 

0 

0 

0 

0 

0 

0 

i 

i 

0 

0 

0 

0 

T 

0 

0 

1 

0 

1 

0 

1 

0 

2 

0 

1 

0 

0 

0 

CR 

1 

0 

1 

1 

0 

0 

0 

0 

3 

1 

1 

0 

0 

0 

O 

1 

1 

1 

1 

0 

0 

1 

0 

4 

0 

0 

1 

0 

0 

Space 

0 

0 

0 

0 

0 

1 

0 

0 

5 

1 

0 

1 

0 

0 

H 

0 

0 

0 

1 

0 

0 

1 

0 

6 

0 

1 

1 

0 

0 

N 

0 

1 

1 

1 

0 

0 

1 

0 

7 

1 

1 

1 

0 

0 

M 

1 

0 

1 

1 

0 

0 

1 

0 

8 

0 

0 

0 

T 

0 

LF 

0 

1 

0 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

L 

0 

0 

1 

1 

0 

0 

1 

0 

10 

0 

1 

0 

1 

0 

R 

0 

1 

0 

0 

1 

0 

1 

0 

11 

1 

1 

0 

1 

0 

G 

1 

1 

1 

0 

0 

0 

1 

0 

12 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

13 

1 

0 

1 

1 

0 

P 

0 

0 

0 

0 

1 

0 

1 

0 

14 

0 

1 

1 

1 

0 

C 

1 

1 

0 

0 

0 

0 

1 

0 

15 

1 

1 

1 

1 

0 

V 

0 

1 

1 

0 

1 

0 

1 

0 

16 

0 

0 

0 

0 

1 

E 

1 

0 

1 

0 

0 

0 

1 

0 

17 

1 

0 

0 

0 

1 

Z 

0 

1 

0 

1 

1 

0 

1 

0 

18 

0 

1 

0 

0 

1 

D 

0 

0 

1 

0 

0 

0 

1 

0 

19 

1 

1 

0 

0 

1 

B 

0 

1 

0 

0 

0 

0 

1 

0 

20 

0 

0 

1 

0 

1 

S 

1 

1 

0 

0 

1 

0 

1 

0 

21 

1 

0 

1 

0 

1 

Y 

1 

0 

0 

1 

1 

0 

1 

0 

22 

0 

1 

1 

0 

1 

F 

0 

1 

1 

0 

0 

0 

1 

0 

23 

1 

1 

1 

0 

1 

X 

0 

0 

0 

1 

1 

0 

1 

0 

24 

0 

0 

0 

1 

1 

A 

1 

0 

0 

0 

0 

0 

1 

0 

25 

1 

0 

0 

1 

1 

W 

1 

1 

1 

0 

1 

0 

1 

0 

26 

0 

1 

0 

1 

1 

J 

0 

1 

0 

1 

0 

0 

1 

0 

27 

1 

1 

0 

1 

1 

FIGS 

0 

0 

0 

1 

1 

0 

0 

0 

28 

0 

0 

1 

1 

1 

U 

1 

0 

1 

0 

1 

0 

1 

0 

29 

1 

0 

1 

1 

1 

Q 

1 

0 

0 

0 

1 

0 

1 

0 

30 

0 

1 

1 

1 

1 

K 

1 

1 

0 

1 

0 

0 

1 

0 

31 

1 

1 

1 

1 

1 

LTRS{delete) 

1 

1 

1 

1 

1 

1 

1 

0 

If a 

LTRS character must be inserted into the text. 


transistor Q2, a 2N3641, will be nonconducting so 
that all bits on the left-hand side of proms U12, U13 
will be high, signifying the I.TRS code. If a FIGS 
character must be inserted into text, Q2 will con¬ 
duct, making the center bit a zero, which signifies 
the FIGS code. 

The ASCII bits are applied to the address lines of 
8223 proms U12, U13. Here the ASCII code is 
translated into the corresponding Baudot code; this 
data is fed into the two 3351 fifos, U14 and U15. A 
"data available" pulse at U7-19, delayed by the two 
74121 one-shots (U16, U17), appears at the "shift¬ 
in'' pin of U14 (pin 17). The Baudot characters are 
thus loaded into the fifo memory. 

The fifo memories are necessary because the in¬ 
formation from the ASCII machine is fed in at 100 
wpm, while the Baudot output from UAR/T U1 is at 
60 wpm. When typing, the ASCII speed will exceed 
60 wpm only occasionally. However, when the ASCII 
tape reader runs, the memory will eventually be¬ 
come fully loaded. Because the two fifos can store 
only 80 characters, the tape reader control circuit, 
consisting of up-down counter U18, U19, will 
interrupt current to the tape-reader clutch, holding 
it until the fifo memory is again empty. 

The parallel data at fifo U15 output is applied to 
UAR/T U1 and appears in serial form at TTL level at 


table 2. Program for 8223 prom, Baudot-to-ASCII figures (U6). 


Word 

A 4 

3 

2 

1 

0 

Symbol 

B 0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

0 

0 

Blank 

0 

0 

0 

0 

0 

0 

0 

0 

1 

i 

0 

0 

0 

0 

5 

i 

0 

1 

0 

1 

1 

0 

0 

2 

0 

1 

0 

0 

0 

CR 

i 

0 

1 

1 

0 

0 

0 

0 

3 

i 

1 

0 

0 

0 

9 

i 

0 

0 

1 

1 

1 

0 

0 

4 

0 

0 

1 

0 

0 

Space 

0 

0 

0 

0 

0 

1 

0 

0 

5 

1 

0 

1 

0 

0 

tt 

1 

1 

0 

0 

0 

1 

0 

0 

6 

0 

1 

1 

0 

0 


0 

0 

1 

1 

0 

1 

0 

0 

7 

1 

1 

1 

0 

0 


0 

1 

1 

1 

0 

1 

0 

0 

8 

0 

0 

0 

1 

0 

LF 

0 

1 

0 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

) 

1 

0 

0 

1 

0 

1 

0 

0 

10 

0 

1 

0 

1 

0 

4 

0 

0 

1 

0 

1 

1 

0 

0 

11 

1 

1 

0 

1 

0 

& 

0 

1 

1 

0 

0 

1 

0 

0 

12 

0 

0 

1 

1 

0 

8 

0 

0 

0 

1 

1 

1 

0 

0 

13 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

14 

0 

1 

1 

1 

0 


0 

1 

0 

1 

1 

1 

0 

0 

15 

1 

1 

1 

1 

0 


1 

1 

0 

1 

1 

1 

0 

0 

16 

0 

0 

0 

0 

1 

3 

1 

1 

0 

0 

1 

1 

0 

0 

17 

1 

0 

0 

0 

1 

" 

0 

1 

0 

0 

0 

1 

0 

0 

18 

0 

1 

0 

0 

1 

$ 

0 

0 

1 

0 

0 

1 

0 

0 

19 

1 

1 

0 

0 

1 

7 

1 

1 

1 

1 

1 

1 

0 

0 

20 

0 

0 

1 

0 

1 

Bell 

1 

1 

1 

0 

0 

0 

0 

0 

21 

1 

0 

1 

0 

1 

6 

0 

1 

1 

0 

1 

1 

0 

0 

22 

0 

1 

1 

0 

1 

| 

1 

0 

0 

0 

0 

1 

0 

0 

23 

1 

1 

1 

0 

1 

/ 

1 

1 

1 

1 

0 

1 

0 

0 

24 

0 

0 

0 

1 

1 


1 

0 

1 

1 

0 

1 

0 

0 

25 

1 

0 

0 

1 

1 

2 

0 

1 

0 

0 

1 

1 

0 

0 

26 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

27 

1 

1 

0 

1 

1 

FIGS 

0 

0 

0 

1 

1 

0 

0 

0 

28 

0 

0 

1 

1 

1 

7 

1 

1 

1 

0 

1 

1 

0 

0 

29 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

0 

0 

30 

0 

1 

1 

1 

1 

I 

0 

0 

0 

1 

0 

1 

0 

0 

31 

1 

1 

1 

1 

1 

LTRS 

1 

1 

1 

1 

1 

1 

1 

0 


U1-25. This signal can be used to key an afsk 
generator, as described below. 

The 555 clocks, U20, U21, will be stable if high- 
grade components are used. Crystal stability is nice 
but unncecessary. Precise resistance values have not 
been given as they may differ from case-to-case, 
but they can be easily determined with a frequency 
counter. 

Because the equivalent Baudot character for the 
ASCII space signal is contained in the ASCII-to- 
Baudot FIGS prom, a space signal between words is 
always preceded and followed by a LI'RS and FIGS 
signal. This is undesirable because two extra 
characters will be sent, which are unnecessary. This 
problem can be resolved by TTL 1C U22 which steers 
U10 (fig. 1). 

Note that when using the converter with an fsk 
demoodulator it may be necessary to insert a level 
changer, inverter, or both between the demodulator 
and U1 20. The data must enter this point at TTL 
level. The Baudot speed switch (fig. 1) allows you to 
copy signals at speeds other than the amateur speed 
of 60 wpm. 

Pin numbers for the gates in fig. 1 (type 7400s) 
have not been given as a new layout will be made for 
the final version. Except for the proms, the ICs in the 
Baudot to ASCII section are CMOS devices. These 
happened to be available, so they were used. The cir- 
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table 3. 

Program for! 


prom, - 

ASCII-to-Baudot letters 

(U13). 




Word 

A 4 

3 

2 

1 

0 

Symbol 

B 0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

0 

0 

Null 

0 

0 

0 

0 

0 

0 

0 

0 

i 

0 

0 

0 

0 

1 

A 

i 

1 

0 

0 

0 

0 

0 

0 

2 

■0 

0 

0 

1 

0 

B 

i 

0 

0 

1 

1 

0 

0 

0 

3 

0 

0 

0 

1 

1 

C 

0 

1 

1 

1 

0 

0 

0 

0 

4 

0 

0 

1 

0 

0 

D 

i 

0 

0 

1 

0 

0 

0 

0 

5 

0 

0 

1 

0 

1 

E 

i 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

1 

1 

0 

F 

i 

0 

1 

1 

0 

0 

0 

0 

7 

0 

0 

1 

1 

1 

G 

0 

1 

0 

1 

1 

0 

0 

0 

8 

0 

1 

0 

0 

0 

H 

0 

0 

1 

0 

1 

0 

0 

0 

9 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

0 

0 

10 

0 

1 

0 

1 

0 

J 

1 

1 

0 

1 

0 

0 

0 

0 

11 

0 

1 

0 

1 

1 

K 

1 

1 

1 

1 

0 

0 

0 

0 

12 

0 

1 

1 

0 

0 

L 

0 

1 

0 

0 

1 

0 

0 

0 

13 

0 

1 

1 

0 

0 

M 

0 

0 

1 

1 

1 

0 

0 

0 

14 

0 

1 

1 

1 

0 

N 

0 

0 

1 

1 

0 

0 

0 

0 

15 

0 

1 

1 

1 

1 

O 

0 

0 

0 

1 

1 

0 

0 

0 

16 

1 

0 

0 

0 

0 

P 

0 

1 

1 

0 

1 

0 

0 

0 

17 

1 

0 

0 

0 

1 

Q 

1 

1 

1 

0 

1 

0 

0 

0 

18 

1 

0 

0 

1 

0 

R 

0 

1 

0 

1 

0 

0 

0 

0 

19 

1 

0 

0 

1 

1 

S 

1 

0 

1 

0 

0 

0 

0 

0 

20 

1 

0 

1 

0 

0 

T 

0 

0 

0 

0 

1 

0 

0 

0 

21 

1 

0 

1 

0 

1 

U 

1 

1 

1 

0 

0 

0 

0 

0 

22 

1 

0 

1 

1 

0 

V 

0 

1 

1 

1 

1 

0 

0 

0 

23 

1 

0 

1 

1 

1 

w 

1 

1 

0 

0 

1 

0 

0 

0 

24 

1 

1 

0 

0 

0 

X 

1 

0 

1 

1 

1 

0 

0 

0 

25 

1 

1 

0 

0 

1 

Y 

1 

0 

1 

0 

1 

0 

0 

0 

26 

1 

1 

0 

1 

0 

z 

1 

0 

0 

0 

1 

0 

0 

0 

27 

7 

1 

0 

1 

1 

Null 

0 

0 

0 

0 

0 

0 

0 

0 

28 

1 

1 

1 

0 

0 

Null 

0 

0 

0 

0 

0 

0 

0 

0 

29 

1 

1 

1 

0 

1 

CR 

0 

0 

0 

1 

0 

0 

0 

0 

30 

1 

1 

1 

1 

0 

LF 

0 

1 

0 

0 

0 

0 

0 

0 

31 

1 

1 

1 

1 

1 

Null 

0 

0 

0 

0 

0 

0 

0 

0 


cuit should work just as well with TTL devices. Fig. 2 
shows socket connections for the devices. 

The circuit in fig. 3 makes programming a cinch as 
the burn-out time is automatically determined by the 
74121 one-shot, U1. The time is fixed at 150 
milliseconds. Programming must be done carefully, 
while you're wide awake, or mistakes are bound to 
occur! The +15 and +5-volt leads must be con¬ 
nected to a regulated power supply that provides at 
least 1 ampere. Proceed as follows: 

1. With the power supply shut off, insert the.8223 to 
be programmed into its socket. 

2. Set S2B to BURN. 

3. Set address switches S3-S7 and output switch S8 
according to the program pattern for the first bit. 

4. Switch on the power supply and depress SI. 

5. Set S3-S7 and S8 to the next bit and depress SI. 
Continue this procedure, bit-by-bit, until the entire 
pattern is programmed into the chip. You can test 
the programming by setting S2 to TEST. Go through 
the entire pattern again, using switches S3-S7 and 
S8. The LED will illuminate for a 1 and remain dark 
for a zero. If the test yields the desired pattern your 
8223 is ready for use. 

Four 8223s are necessary for the Baudot-to-ASCII 
conversion and vice versa. For more information on 


table 4. Program for 8223 prom, ASCII-to-Baudot letters IU12). 


Word A 

4 

3 

2 

1 

0 

Symbol 

B 0 

1 

2 

34 56 

7 

0 

0 

0 

0 

0 

0 

Space 

0 

0 

7 

0 

0 0 0 

0 

1 

0 

0 

0 

0 

i 

! 

i 

0 

1 

1 

0 0 0 

0 

2 

0 

0 

0 

1 

0 


i 

0 

0 

0 

1 0 0 

0 

3 

0 

0 

0 

1 

7 

H 

0 

0 

1 

0 

1 0 0 

0 

4 

0 

0 

7 

0 

0 

$ 

i 

0 

0 

1 

0 0 0 

0 

5 

0 

0 

7 

0 

7 

Null 

0 

0 

0 

0 

0 0 0 

0 

6 

0 

0 

7 

1 

0 

& 

0 

7 

0 

1 

1 0 0 

0 

7 

0 

0 

7 

7 

7 


1 

7 

0 

7 

0 0 0 

0 

8 

0 

1 

0 

0 

0 

( 

1 

7 

1 

1 

0 0 0 

0 

9 

0 

1 

0 

0 

7 

) 

0 

1 

0 

0 

1 0 0 

0 

10 

0 

1 

0 

7 

0 

Null 

0 

0 

0 

0 

0 0 0 

0 

11 

0 

1 

0 

7 

1 

Null 

0 

0 

0 

0 

0 0 0 

0 

12 

0 

7 

1 

0 

0 


0 

0 

7 

7 

0 0 0 

0 

13 

0 

7 

1 

0 

1 


1 

1 

0 

0 

0 0 0 

0 

14 

0 

7 

7 

7 

0 


0 

0 

7 

1 

1 0 0 

0 

15 

0 

7 

1 

7 

1 

/ 

1 

0 

1 

1 

1 0 0 

0 

16 

1 

0 

0 

0 

0 

0 

0 

1 

7 

0 

1 0 0 

0 

17 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

1 0 0 

0 

18 

1 

0 

0 

7 

0 

2 

1 

1 

0 

0 

1 0 0 

0 

19 

1 

0 

0 

7 

7 

3 

1 

0 

0 

0 

0 0 0 

0 

20 

1 

0 

7 

0 

0 

4 

0 

1 

0 

1 

0 0 0 

0 

21 

1 

0 

7 

0 

7 

5 

0 

0 

0 

0 

1 0 0 

0 

22 

1 

0 

7 

1 

0 

6 

1 

0 

7 

0 

1 0 0 

0 

23 

1 

0 

7 

1 

1 

7 

1 

1 

1 

0 

0 1 0 

0 

24 

1 

7 

0 

0 

0 

8 

0 

7 

1 

0 

0 0 0 

0 

25 

1 

7 

0 

0 

1 

9 

0 

0 

0 

1 

1 0 0 

0 

26 

1 

7 

0 

7 

0 


0 

1 

7 

1 

0 0 0 

0 

27 

1 

7 

0 

7 

1 


0 

1 

7 

7 

1 0 0 

0 

28 

1 

7 

1 

0 

0 

Null 

0 

0 

0 

0 

0 0 0 

0 

29 

7 

1 

7 

0 

7 

Null 

0 t 

) 0 c 

) C 

) 0 0 1 

% 

30 

1 

1 

1 

1 

0 

Null 

0 

0 

0 

0 

0 0 0 

0 

31 

1 

1 

7 

1 

1 

LTRS 

1 

0 

0 

1 

1 0 0 

0 

the makeup 

of 

the 

programming 

pattern 

i, see 

reference 3. 

An 

article describing 

a memory for 


automatic CW identificaton using an 8223 prom can 
be found in reference 4. 

In tables 1-4 you'll find one program for each of 
the four proms used in the code converter. The A 
column determines the prom address line switch 
positions, while the B column determines the switch 
positions of the prom outputs. 

example 

To program the letter Y into the prom that trans¬ 
lates Baudot to ASCII letters (table 1), proceed as 
follows: 

1. Set switches S2A-B to TEST and set the prom 
output line-selector switch, S8, to BO. 

2. Look up the letter Y on the program (table 1). 

3. Set the address line switches, S3-S7 (fig. 3) 
according to the information in the table: A4 = high; 
A3 = low; A2 = high; A1 = low; and/40 = high — 
i.e., 10101. (Low is ground and high is +5 volts.) 

4. Set switches 2A-B to BURN. 

5. Set the prom output line switph to BO (a 1 in this 
case), then depress switches SI A-B. 

6 . Advance the output line selector switch to B3, 
picking up another 1. 
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fig. 2. Socket connections (top view) for the devices used in the 
converter. 


7. Press switches SI A-B again. 

8 . Repeat the procedure at B4 and B6, picking up a 1 
in each case. 

9. Set switches S2A-B to TEST. With S8 in BO, B3, 
B4, and B6 positions, the LED should light, in¬ 
dicating a 1; in positions B1, B2, B5, and B7 it should 
remain dark, indicating a low, or zero. Should one of 
the prom fuses refuse to open at the first attempt at 
testing, try burning it repeatedly. 

Start the programming from the top of the table 
and work down,. When you have one prom fully pro¬ 
grammed, go through the check procedure with 
switches S2A-B in the TEST position to verify that 
the fuses have opened according to the program in 
use. If the prom checks out okay, mark it for 
identification. 

Type 82S23 proms are presently offered on the 
surplus market at a reasonable price. These can also 
be used, but to program these devices the 390-ohm 
'/ 2 -watt resistor at the top contact of S2A (fig. 3) 
must be changed to 4.7 ohms '/ 2 -watt, and the + 15- 
volt supply must be increased to 16 volts. 


In reference 5, I pointed out the importance of 
phase-continuous frequency shift to prevent tran¬ 
sients, which can cause interference on adjacent 
channels. I described a rather commplex circuit of an 
afsk generator that featured phase continuity of the 
sine-wave output when keyed. 

In the meantime integrated circuits have 
appeared on the market especially designed for 
waveform generation. One of these, the EXAR 
XR-2206 CP, is particularly interesting for RTTY. Pin 
9 of this 1C can be directly connected to pin 25 of U1, 
fig. 1, of the Baudot-to-ASCII/ASCII-to-Baudot 
converter. The output at pin 2 of the XR-2206 can 
then be used to modulate an ssb transmitter or 
transceiver with a phase-continuous afsk signal. 

The afsk circuit (fig. 4) is extremely simple. The 
sine-wave frequency is determined by the value of Cl 
and the total resistance connected to either pin 7 or 8 
of the XR-2206. When pin 9 is high pin 7 is active; 
when pin 9 is low pin 8 is active. 



fig. 3. Circuit for programming the 8223 proms. 


For excellent frequency stability. Cl should be 
a polystyrene (Phillips 295 AA/C 8K2) or a Mylar 
capacitor. The frequency-determining resistors 
should be carbon film; or better yet, metal film types. 
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fig 4 AFSK generator Phase continuous frequency shift is 
featured to prevent out of band transients Sine wave frequency 
is determined by Cl and the total resistance connected to either pin 
7 or 8 of the XR2206 

The afsk-generator audio frequencies of 1620 and 
1450 Hz were chosen to put the second harmonic 
outside the passband of modern ssb equipment and 
to eliminate the need for special carrier-frequency 
crystals in such equipment. 

The overall converter system can be tested by 
feeding data from a Baudot keyboard or tape reader 
to U1 20 (fig. 1). As the output and input of U7 are a 
closed loop through the two 4N33 optoisolators, U8 
and U9, the data is fed back to U1, and its output at 
pin 25 can be used to operate the printer magnets of 
the Baudot machine through a suitable driver. In this 
case, the Baudot data is converted to ASCII, then 
back to Baudot. The only character not translated 
from ASCII to Baudot is the bell signal. With addi 
tional gates this could be accomplished, but I felt 
that the additional complexity was unjustified. 
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43^ ATLAS 

'S' RADIO INC. 


From its compact size of 9'/i" x 3Vi" x 9 1 /?'' and 7 pounds 
weight, to its silky smooth tuning dial, the Atlas 21 Ox/215x 
gives you finger tip control. 

Even its mobile mount and AC console are specially de¬ 
signed so you simply slip the 21 Ox or 215x into them, and 
connections for the antenna jack, mic jack, and AC or DC 
input are all made automatically 

But don't let its finger tip size fool you. The Atlas 210x/ 
215x transceivers are packed full of the most advanced, 
state of the art engineering, and provide unequaled per¬ 
formance in both transmit and receive modes. 


Model 210x or 215x Transceiver 

(With noise blanker installed add S40) 

Plug-in Mobile Kit 

Portable AC Supply 110/220V 

AC Console 110/220V 

(With VOX and semi-CW installed add $46) 

10XB Crystal Osc. less crystals 


$679. 

S 48. 
$ 100 . 
$149. 

$ 59. 


FINGER 

TIP 

CONTROL 

ATLAS 210x/215x 

5 BAND—200-WATT 
ALL SOLID STATE 
HF SSB/CW TRANSCEIVER 


417 Via Del Monte. Oceanside, CA 92054 
Phone (714) 433-1983 
Special Customer Service Direct Line 
(714) 433-9591 


For complete details see your Atlas dealer, or drop us a 
card and we'll mall you a brochure with dealer list 
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admittance, 

impedance 

and circuit analysis 


A circuit with impedances seems very compli¬ 
cated to those lacking experience in circuit analysis. 
Throw in names like admittance, conductance, or 
susceptance, and circuit analysis seems to take on a 
certain mystique beyond the average amateur. Many 
texts present such a bewildering array of symbols 
and mathematical operators that analysis seems 
hopeless unless you have a computer. Wrong — all 
you need is paper, pencil, and a pocket calculator. 

Impedance, admittance, and complex numbers are 
really simple expressions with a few extra rules. Once 
you know them and how to set up an analysis 
"model," the rest is just careful number manipula¬ 
tion. Presented here are the basics, how to handle 
them, and simple circuit modeling for the majority of 
transmitter and receiver circuits. 

If the names and expressions are unfamiliar, just 
read and study slowly. They will become familiar 
with a little practice. 

the rectangular form 

The two forms of expressing impedance or admit¬ 
tance are rectangular and polar. Fig. 1 shows the rec- 
tangular form with the expressions and circuit 
symbols in columns for impedance, Z, and admit¬ 
tance, Y. 

Any L C R (inductance, capacitance, and 
resistance) combination can be shown as either an 
impedance or an admittance because each is the 
inverse of the other. Common use has a series com¬ 
bination given as impedance, a parallel combination 
as admittance. Opposite expressions are shown 
later. 

If you are unfamiliar with complex number nota¬ 
tion, pay attention to the j symbol. The j, also called 
the poperator, denotes everything to the right of it as 
imaginary. This is in the mathematical sense since 
/ = \ - 1, an imaginary number. A complex number 
has a real part (the resistance, R, or conductance, C) 
and an imaginary part (the reactance, X, or suscep¬ 
tance, B). Ordinary math rules apply only to the real 
part or the imaginary part. Rules for handling both at 
the same time are given later. 

Values of impedance, resistance, and reactance 
are given in familiar ohms values. Values of admit¬ 
tance, conductance, and susceptance are given in 
mhos. Some time ago the inverse spelling was ap 


plied because admittance is the inverse of im¬ 
pedance. If R - 10 ohms, then G = - 0.1 mho. 

reactance and susceptance 

Both are frequency sensitive; that is, their ohm 
and mho values vary with frequency. This is 
shown by 

X/=wL Bi = — l/u>L 

X c =-l/uC B c =uC 

with L in henries, C in farads, and 

u> = 2irf 

where f is in hertz (radian frequency). The subscript 
refers to inductance or capacitance. Total reactance 
or susceptance is expressed without a subscript as 

X = u )L-(l/uC) 

B = a) C— (1/oiLj 

Note especially that signs are shown; this must be 
followed in reactance and susceptance calculation. 
Remember the resonance condition where inductive 
and capacitive reactance (or susceptance) cancels. 
Imaginary parts can be stated in opposite terms: 

X = — I/(B C + B l J= - 1/B 
B= - 1/(X C +Xi)= - 1/X 

Note the signs. Reactance and susceptance are 
related by negative inversions while resistance and 
conductance are related by positive inversions. Real 
and imaginary parts are handled separately andd the 
part relationships are different but admittance is still 
the inverse of impedance and vice-versa. Y and Z are 
complex numbers of different rules while R, X, G 
and B are simple numbers with ordinary rules. * 

Most modern hand-held calculators have a pi- 
constant key and at least one memory register. 
Storing the radian frequency i2rrfl in memory allows 
rapid calculation of X or B values. For rf circuits, 
entering scaled values of megahertz, microhenries, 

*A good algebra text will show the proof and following rules for 
those readers desiring more information. 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 
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or microfarads saves using the exponent key or in- 
puting lots of zeros. 

With complex numbers {a + jb) and (c + jd), the 
rules are: 

(a + jb) + (c + jd) = (a+ c) +j(b + d) 

(a + jb) — (c + jd) = (a — c) + j(b — d) 

Notice the expression statements on each side. On 
the left there are two complex numbers indicated by 
the parenthesis. The right side shows that each part 
of the complex answer has at least two terms. The 
/-operator designates the entire b, d term group as 
imaginary. 

The addition rule is useful for expressing a com¬ 
bination LCR circuit as one impedance if all com¬ 
ponents are in series. Suppose the inductor has 
winding resistance. The total resistance is the sum of 
R and winding resistance. The inductive reactance 
adds to capacitive reactance and each could be in the 
two impedances or combined in one of them. Any 
number of combinations, including parallels, can be 
added to give one real part and one imaginary part. 
Remember to keep the parts separate, observe signs, 
use admittance for parallel combinations, and im¬ 
pedance for series combinations. 


table 1. Keyboard steps. HP 35 calculator impedance/admittance 
conversion. 


Stack Registers 



Keyboard x 

Y 

z 

t 

Display, (remarks) 


Input R 

R 





1 

STO 

R 




(hold R in memory) 


Input X 

X 





2 

ENTER 

X 

X 




3 

ENTER 

X 

X 

X 


(fill stack with X) 

4 

X 

X 2 

X 




5 

RCL 

R 

X 2 

X 



6 

RCL 

R 

R 

X 2 

X 


7 

X 

R 2 

X 2 

X 



8 

+ 

Mag2 

X 




9 


Mag 

X 



Z Magnitude 

10 

1 / X 

1/M 

X 



Y Magnitude 

11 

xy 

X 

1/M 




12 

RCL 

R 

X 

1/M 



13 

- 

X/R 

1/M 




14 

arc 






15 

tan 

pha 

1/M 



Z phase angle 

16 

CHS 

- pha 

1/M 



Y phase angle 

17 

STO 





(hold angle in memory) 

18 

Rl 

1/M 





19 

ENTER 

1/M 

1/M 




20 

ENTER 

1/M 

1/M 

1/M 


(fill stack with Y 







magnitude) 

21 

RCL 

- pha 

1/M 

1/M 

1/M 


22 

cos 

Cos 

1/M 

1/M 

1/M 


23 

X 

G 

1/M 

1/M 


conductance 

24 

x-y 

1/M 

G 

1/M 



25 

RCL 

- pha 

1/M 

G 

1/M 


26 

sin 

Sin 

1/M 

G 

1/M 


27 

X 

B 

G 

1/M 


susceptance 

28 

1 / X 

1 / B 

G 




29 

CHS 

Xp 

G 



parallel reactance 

30 

x-y 

G 

Xp 




31 

1/x 

Rp 

Xp 



parallel resistance 


The sign in front of the/-operator can take the sign 
of the imaginary part. This is strictly a sign and does 
not mean the parts of one complex number add or 
subtract. The subtraction rule will be useful in im¬ 
pedance matching to be discussed later. 

why admittance? 

There are as many parallel combinations of com- 


G 



fig. 1. Rectangular form of impedance and admittance. 


ponents as there are those in series. Any circuit to be 
analyzed should be separated into branches of com¬ 
ponent combinations in series or parallel. Each 
branch is then expressed as an admittance or 
impedance having only two connections or nodes. 
The easiest form of expressing a parallel combination 
is admittance since all real parts and all imaginary 
parts add. 

In fact, you have probably been using admittance 
without realizing it. The familiar parallel resistance 
formula 


R 


total 


= r j r l 

R i +R 2 


was derived from the basic expression 
R - 1 

totai m) + (tjr 2 )+■■■ jtjk) 

Invert the basic expression and you will find the sum 
of conductances (1/R) equals total conductance. 

multiplying and dividing 
complex numbers 

These will be used in solving the circuit or con¬ 
verting admittance to impedance and vice-versa. The 
rules are: 

(a + jb) x (c + jd) = (ac — bd) + j(ad + be) 


(SL 

±jb) = 

(ac + bd) 

~h 1 

(be - ad) 

( c 

+ jd) 

(c 2 + d 2 ) 

J 

(c 2 + d 2 ) 


(inversion) l/(a + jb) = [aj(a 2 + b 2 )] - )[b/(a 2 + b 2 )] 

These rules are hard to work with, even with a 
calculator. There is an easier way by using the polar 
form equivalents shown in fig. 2. The angle symbol 
is as important as the /-operator: All terms to the 
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right of the angle symbol are, appropriately, angles: 
terms to the left are magnitudes. 


(A L 4>) x (B L 6) — (A x B) L (<t> + 6) 


(inversion ) 


= u 


A L 


0 


Magnitudes operate algebraically just like the polar 
expression, but angles add or subtract. Again, the 



RE 

VECTOR RELATIONSHIP 

fig. 2. Comparison of the rectangular and polar form. 


parts are different from the whole. A calculator with 
trig functions is preferred; one with built-in 
polar/rectangular conversion is even better. 


in functions can use part of this step sequence, either 
manually or automatically with a programmable 
version. 

Steps 4 through 15 change rectangular impedance 
to polar impedance. Step 10 finds the polar admit¬ 
tance magnitude; its location in the sequence is 
arbitrary and could be placed after step 18. Step 16 
finds the polar admittance angle. 

Steps 17 to 20 set up the registers for polar to rec¬ 
tangular conversion — the remaining steps per¬ 
form it. The magnitude inversion and angle sign 
change has already done conversion of impedance to 
admittance. Polar/rectangular identities are the same 
for impedance and admittance. 

Steps 28 to 31 are used only to show how parallel 
resistance and reactance are derived from the main 
program. There are simpler ways to derive the paral¬ 
lel equivalents from series components. You are 
invited to try out the simpler way from the formulas 
given. If you succeed, you have already begun pro¬ 
gramming. 

Steps 1 to 27 will convert admittance to im¬ 
pedance without changing any steps. To prove this 
to yourself, just change the terms and expressions 
in the register and remarks columns. 

As an example, Z-4+j3 ohms converts to 
Y= 0.16-j0.12 mhos. The parallel reactance equiva¬ 
lent is 8.33 ohms, resistance equivalent is 6.25 ohms. 


polar form 

Y and Z can be expressed equally well this way. 
This has the advantage of showing magnitude and 
phase angle as shown by the little vector diagram of 
fig. 2. Voltage and current in a complex circuit will 
also be complex quantities. The ac or rf voltage you 
measure in a circuit is the magnitude. Phase angle is 
also measurable although the instruments cost more. 
Some rf bridges read directly in polar form. 

Both forms are needed in circuit analysis. Rec¬ 
tangular form can be used in calculating circuit 
branch values while the polar form is used for voltage 
response and as an intermediate step in conversion. 
Input impedance or admittance can be expressed in 
either form. The angle is a signed number but the 
magnitude is always a positive number. 

form conversion by calculator 

All of the expressions and forms necessary for cir¬ 
cuit analysis have now been presented. Before going 
into the analysis setup it is useful to observe conver¬ 
sion of impedance to admittance with the aid of 
rectangular/polar form changes. The program steps 
in table 1 apply to the older HP-35 model or any 
other RPN/Stack machine that does not have polar/ 
rectangular conversion functions. 

This form conversion is basic to the ladder network 
solution to be presented later. Calculators with built- 


the analysis model 

The term model simply means the branches con¬ 
nected at nodes. A reduction to this structure is done 
to simplify overall calculations calculation time and 
effort. The basic pi structure in fig. 3 can be used 
with almost every circuit and is expandable to a lad¬ 
der structure. 



fig. 3. Basic model structure of the familiar pi network. 


The model is allowed only one signal source, a cur¬ 
rent of 1.0 ampere with no phase angle. Any 
source admittance must be included as part of Y„. A 
unity current source allows each output voltage, e Q , 
to be relative and the solution to be dependent 
solely on impedances and admittances in the model. 
This is the simplest method and applies well to calcu¬ 
lator solution. 

It may seem that a relative e„ solution is unrealistic 
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but this is only partly true. Networks such as filters 
are almost always described in relative terms. As an 
example, an i-f amplifier can be modeled as several 
individual blocks with individual block model re¬ 
sponse summed for overall response. The actual e 0 
can be found by multiplying relative e 0 by the actual 
input current. 

Most of us think of an amplifier stage as output vs 
input. For the model the transistor or tube must be 
split into the input impedance and the output admit¬ 
tance with a current source that is dependent on in¬ 
put signal. Most data sheets on transistors and tubes 
are oriented to this form. 

Most of us also think of an amplifier output in 
terms of voltage. Since voltage is easiest to measure, 
it is easy to neglect current. All transistor collectors 
and pentode tube plates are really current sources 
with an output admittance [h„ e for common emitter, 
1/rp for pentodes). Measured output voltage is the 
product of the current source and the total load im¬ 
pedance, including output admittance of the device. 
The scarcity of ac current measuring instruments has 
misled a lot of us in understanding actual circuit 
operation. 

The basic pi model can be thought of as the 
coupling circuit between two amplifiers. The output 
admittance of the first becomes part of Y n , and the 
input impedance of the second becomes part of Z/,. 
The current flowing into the second state input can 
be found relative to unity (the model input current) 
because the output voltage is known. 

You can use Ohm's law with complex quantities. 
The difference from dc is that current and voltage 
have both magnitude and phase angle. The rectan¬ 
gular form also applies, but the polar form is more 
convenient since an ac voltmeter measures magni¬ 
tude. An oscilloscope will display voltage phase 
angle but that is dependent on the scope sweep trig¬ 
gering point; a dual-trace scope shows relative vol¬ 
tage phase. 

Note the progression of Z and Y looking towards 
the load in fig. 3. This is important to the model ex¬ 
tension following. 

extending the model 
for ladder networks 

A ladder configuration is a shunt-series-shunt 
sequence — a five-branch model is shown in fig. 4. 
Again, the current source is unity and e 0 is relative 
and solved directly from impedances and admit¬ 
tances. This model is well suited to filter analysis. 

Output voltage solution is self-explanatory but 
note the progression of Y 12 to Z 4 5 .* Y 12 is the in¬ 
verted sum of Zd and Z L \ Z 24 is the inverted sum of Y c 
and Y 12 , and so on. Each Y or Z is the total, looking 
towards the load, of the model Y and Z at each node. 
Z 4 5 is the total input impedance; the network input 


admittance is found by subtracting source admit¬ 
tance from Y 4 i(l/Z 45 ). 

So far, circuit analysis seems complicated and a lot 
of work. Here is where the calculator comes in handy 
and it is useful to recall the form-conversion 
calculator steps in table 1. Let's assume that all 
shunt branches have been precalculated for admit¬ 
tance and all series branches in impedance. 

Enter Y L and begin the conversion. Pause when 
you reach the magnitude and angle of Z/ and write 
down the polar values. By step 27 the rectangular 



BUT 

AND SUBSTITUTING e; = Z 4S SINCE i ‘ I 0 Z 0° OR UNITY , 

SO 


fig. 4. Five-branch ladder network, showing derivation of circuit 
quantities. A hand held calculator is very useful in solving problems 
of this type. 

form of Z/ is reached and the real and imaginary 
parts of Zd are added. Go back to the beginning and 
start the conversion for Y ]2 : the calculator's stack 
already has the entry so it is just a matter of storing 
the real part in memory and the imaginary part in the 
stack. Pause at the polar form of Y 12 and write down 
the values. At the end of the second run add the 
precalculated Y c parts to parts of Y I2 and return to 
the beginning. Continue the repetition, writing down 
each numbered-subscript polar value, until the input 
branch has been reached. 

Solution of e 0 is made by multiplying all tabulated 
magnitudes and adding all tabulated angles. This is 
the same as the last e„ expression in fig. 4 and polar 
multiplication rules are used. Network input impe¬ 
dance can be found by subtracting source admit¬ 
tance using rectangular form rules and converting. 

Six-digit accuracy of precalculation and tabulation 
is more than sufficient for most purposes; angle tab¬ 
ulation can be rounded to three fractions using de¬ 
grees, four with radians. If a mistake is made in step¬ 
ping through the sequence, just begin in mid- 

’Amateurs who are not familiar with networks are often confused 
by the numeric subscripts which are used. The designator V 12 , for 
example, refers to the admittance looking into sections 1 and 2 of 
the network; likewise, Z 45 refers to the impedance looking into 
sections 4 and 5 of the network (see fig. 4). In filters, capacitors 
and inductors are often designated in the same manner — in terms 
of their relative positions within the filter network. 
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sequence by clearing registers and entering the last 
tabulated polar value; just make certain that 
magnitude and angle are positioned correctly. 

The repetitive sequence or iteration is well suited 
to a programmable calculator. If it has a larger 
memory, the partial products of e„ can be ac¬ 
cumulated automatically. 

modifying a model with branches that 
jump adjacent nodes 

Fig. 5 shows this condition and defeats the ladder 
configuration. Fig . 5 also shows how a model sub¬ 
section can be transformed by the de/ta-totee 
method, yielding a result that fits the ladder. Trans¬ 
formation must be done with precalculated values. 

A delta sub-section that is pure resistance requires 
transformation only once. Any other condition re¬ 
quires a transform at every solution frequency. The 
resulting tee values become the new precalculated 
values for solution iteration. 

Similar transformations can be made for tee-to- 
delta and lattice networks. Most engineering hand¬ 
books contain the transform equations, usually 
given as impedances, but the equations work just as 
well with admittances. It is worthwhile to study the 
circuit to be modified and arrange the branches for 
the least amount of transformation. 

Pi networks are good examples and published 
design data can be used as a starting point. Unfor¬ 
tunately, most designs assume only a resistive load 
while an actual load such as an antenna will vary con¬ 
siderably. The object of impedance matching is to 
make the real part of the matched load equal to the 
source, and reduce the imaginary part to zero. 

Let's take the case of matching an antenna over a 
few frequencies with a pi network. The basic design 
data is available and the components can be modeled 
as in fig. 3. The approximate antenna impedance 
data is known either by measurement or from hand¬ 
book data. Will the network components do the job? 

A way to find out is to solve only for Z m , omitting 
source admittance and susceptance of the first- 
branch network componentt (usually a variable capa¬ 
citor). The rectangular form of 7, m is a bit better for 
solution. 

Tabulate the results at each frequency and anten¬ 
na impedance expected and examine the imaginary 
part sign. If the sign does not change, the input 
component can be reactive and the value can be cal¬ 
culated by the opposite-sign reactance. The imagi¬ 
nary part must go to zero when the component is in¬ 
cluded in the model. Value range variation can also 
be seen; make certain that this can be realized 
in practice. 

An imaginary-part sign change means that another 
component value must change. The most common 




TEE SUBSECTION EQUIVALENT 



TRANSFORMED MODEL 


o 

fig. 5. Model transformation. Here the delta subsection (consisting 
of Zfa, Zq, and Zq) is transformed into an equivalent tee section. 
The tee section is then added to Zq, Z\_, and Zq to yield the trans 
formed model. 

pi network uses a variable capacitor at each end with 
a fixed series inductor. If this is the circuit, try varying 
the other capacitor, solving again and inspecting the 
signs. 

The real part of Z,„ should be reasonably close to 
the required resistive value for best power transfer. 
The difference depends on the type of source. A 20 
to 30 per cent variation is probably good enough in 
most cases. If this part is not close, another compo¬ 
nent value must be changed. After a few changes 
you will be able to tell which way to change and you 
can zero in on the correct set of values. The best effi- 
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ciency occurs with source impedance equal to 
matched load impedance. 

Other networks can be designed from the efficien¬ 
cy rule and reducing reactance to zero. Some careful 
study and algebra will result in a matching formula. 
Impedance or admittance — as a quantity — obeys 
algebraic rules. The only difference is that real and 
imaginary parts must be handled by the rules given. 

circuits with more than one load 

Suppose you have a circuit model like fig. 4 and 
there are two Zd and two branches in separate 
paths. Solve Y /2 for the second path and record it. 
Solve the first path as before except the second 
path's Y 12 is also added to Y c plus Y 12 of the first 
path. Z 23 is the total impedance of both paths. 

The second path e Q is found from Z 45 , Y 34 , Z 23 
recorded in solving the first path and Y 12 and Zl of 
the second path. This can be extended to longer 
paths with different lengths provided that the 
common-node impedance value is the total im¬ 
pedance of all paths. 

bilaterality 

All illustrations have shown the source at left, load 
at right. This conforms to conventional left-to-right 
flow but doesn't mean the schematic must be inter¬ 
preted this way. Many schematics are drawn dif¬ 
ferently, so take care in forming the model — proper¬ 
ly locate the source and load. 

Q equivalents 

Every coil and capacitor is lossy. To properly 
analyze a filter this loss must be modeled as 
resistance or conductance in the proper branches. 
General values are X/Q for impedance and a series 
resistance, fl/Q for admittance and a parallel con¬ 
ductance. Add losses in LC branches. 

Some simplification is possible. Q is fairly constant 
over an octave of frequency. A fixed R or G value 
can be used for resonant circuits and filters. The 
fixed value would be obtained at the center frequen¬ 
cy or cutoff frequency for highpass and lowpass 
filters. 

other analysis methods 

Most circuit theory texts have them. The inex¬ 
perienced should be cautious since the math is high 
level, usually involved with matrices or transfer func¬ 
tions. A matrix is best solved on a computer. The 
other methods are more versatile, but not more ac¬ 
curate. The ladder form given here will fit a manual 
or programmable pocket calculator better. It will 
not solve all circuits, but most of them. Programs 
for the HP-25 will be given in a future article. 

ham radio 


the famous 

HAM-KEYS 


The keys that are easy 
to put your fingers on! 

JUST DIAL 



1 - 800 - 325-3636 


TOLL FREE 



Model HK-1 

• Dual-lever squeeze paddle 

• Use wilh HK-5 or any 
electronic keyer 

• Heavy base with non-slip 
rubber teet 

• Paddles reversible lor wide- 

fmger $0095 

spacing 



Model HK-2 

• Same asHK-1 less base lor 
incorporation in own keyer 


*19 


95 


Model HK-3 


Deluxe straight key 
Heavy base no need to 
attach to desk 
Velvet smooth action 


Navy type knob only $2 75 


Model HK-3A 

• Same as above 

less base S9.95 


*16 


95 



Model HK-4 

• Combination ol HK -1 and HK-3 
on same base ^ 

195 


* 44 s 


• Base only 

with rubber leel $12.00 
Terminals red or black $ /5 each 


nO^NO < 

\ Model HK-5 
* Electronic Keyer 


• lambic Circuit lor squeeze 
keying 

• Sell-completing dots and 
dashes 

• Dot memory 

• Battery operated with provision 
lor external power 


* Built-in side-tone monitor 
i Speed volume tone and weight controls 
► Grid block or direct keying 
» For use with external paddle 
such as HK-i 


*69 


95 


Same day shipment... PREPAID 

... I 

We welcome the use ol your 

HAM RADIO CENTER, INC. 

8340-42Olivo Blvd • PO Bo* 282n • St Louis M0 63132 

•••• ■■ ai ■ • ■•■■i ••• 
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VALUE $599.00 
Regulated AC/PS 
Model FMPS-4R ... $49. 


SUMMER SPECIAL 
FM144 10SXRII 


ENCODER 

DECODER 


SC l>» l? CHANNUS 
Introductory Price SI 19 00 


DUAt FONE 


Touch Tone 
Pad 

MODEL FMTP 1 
$59.00 


Manufactured by one ot the world's most distinguished Avionics manutacturers, Kyokuto Denshi Kaisha. Ltd. 
Q) First in the world with an all solid state 2 meter FM transceiver. R , |g ( 

AMATEUR-WHOLESALE ELECTRONICS ==§ 

8817 S.W. 129th Terrace. Miami, Florida 33176 coionia. n.j. 

Telephone (305) 233-3631 • Telex: 51-5628 PLEASE ORDER FROM YOUR LOCAL SMt'iie°w«h* 

U S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE. 


Regional Sales A Service Centers 
Northeast Buzzards Bay Electronics 
Buzzards Bay. Mass 
East Sanford Communications. Inc 
Coionia. N J 

West Consumer Communications. Inc 
Seattle Wash rgM 


NOTICE: 73 MAGAZINE printed an untrue report m the June 1977 issue regarding the KDK FM144 
They are now printing a retraction regarding this untrue report The FM144 does not need tuning to 
cover the full b MH/ range 


NEW! FM144-1OSXRII 

All Solid State-PLL digital synthesized — No Crystals to buy! 5KHz steps — 144-149 
MHz-LED digital readout PLUS MARS-CAP.* 

• 5MHz Band Coverage — 1000 Channels (instead of the usual 2MHz to 4MHz — 
400 to 800 Channels) • Priority Channel • Audio Output 4 Watts • 15 Watts Output 

• Unequaled Receiver Sensitivity and Selectivity — 15 POLE FILTER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END - COMPARE!! 

• Superb Engineering and Superior Commercial Avionics Grade Quality and Con¬ 
struction Second to None at ANY PRICE. 


• FREQUENCY RANGE: Receive 144 00 to 
148.995 MHz. 5 KHz steps (1000 channels). 
Transmit 144.00 to 148 995 MHz, 5 KHz steps 
(1000 channels) + MARSCAP • 

• FULL DIGITAL READOUT: Six easy to read LED 
digits provide direct frequency readout assuring 
accurate and simple selection of operating 
frequency. 

• AIRCRAFT TYPE FREQUENCY SELECTOR: Urge 
and small coaxially mounted knobs select 
lOOKHz and lOKHz steps respectively Switches 
click-stopped with a home position facilitate 
frequency changing without need to view LED'S 
while driving and provides the sightless amateur 
with full Braille dial as standard equipment 

• FULL AUTOMATIC TUNING OF RECEIVER 
FRONT END: DC output of PLL fed to varactor 
diodes in all front end R F tuned circuits provides 
full sensitivity and optimum intermodulation 
reiection over the entire band No other amateur 
unit at any price has this feature which is found in 
only the most sophisticated and expensive 
aircraft and commercial transceivers. 

• TRUE FM: Not phase modulation — for superb 
emphasized hi-fi audio quality second to none 

•FULLY REGULATED INTEGRAL POWER 
SUPPLIES: Operating volgate for all circuits, i.e, 
12v, 9v and 5v have independently regulated 
supplies 12v regulator effective in keeping 
engine alternator noises out and protects final 


• MONITOR LAMPS: 2 LED'S on front panel 
indicate (1) incoming signal-channel busy, and 
(2) un lock condition of phase locked loop 

• DUPLEX FREQUENCY OFFSET: 600KHz plus or 
minus, 5KHz steps Plus simplex, any frequency 

•MODULAR COMMERCIAL GRADE CONSTRUC 
TION: 6 unitized modules eliminate stray 
coupling and facilitate ease of maintenance 

• ACCESSORY SOCKET: Fully wired for touch tone, 
phone patch, and other accessories 

• RECEIVE: 25 uv sensitivity 15 pole filter as well 
as monolithic crystal filter and automatic tuned 
LC circuits provide superior skirt selectivity 

•AUDIO OUTPUT: 4 WATTS. Built in speaker ^ 

•HIGH/LOW POWER OUTPUT: 15 watts and 1 
watt, switch selected Low power may be adjusted 
anywhere between 1 watt and 15 watts, fully 
protected—short or open SWR 

• PRIORITY CHANNEL: Instant selection by front 
panel switch Diode matrix may be owner re 
programmed to any frequency (146.52 
provided) 

• DUAL METER: Provides "S" reading on receive 
and power out on transmit 

•OTHER FEATURES: 

Dynamic microphone, mobile mount, external 
speaker jack, and much, much more Size: 2% x 
6'/; x l'/i. All cords, plugs, fuses, mobile mount, 
microphone hanger, etc., included Weight 5 lbs 


icy 

UC 

tray 

■ M 

led W 

\T 

ted ^pr 


transistor from overload ^ _____ 

NEW! 6 METER FM50-10SXRD 

Same specifications as above except transmit/receive 51 00 53 995 MHz 600 channels 

Introductory Price $389 00 


VaS 
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NEW 
SIGMA 
XR-3000D 
LINEAR 
AMPLIFIER 

intfioductofis f7QQ 
PRICE V ' 

2 DAY AIR SHIPMENT ANYWHERE IN U S $35 ALASKA AND HAWAII SLIGHTLY HIGHER f V ) 

• FULL BAND COVERAGE 160-10 METERS INCLUDING MARS 

• 2000 WATTS P E P SSB INPUT 1000 WATTS INPUT CONTINUOUS DUTY. CW. 

RTTY& SSTV 

• TWO EIMAC 3 500Z CONSERVATIVELY RATED FINALS 

• ALL MAJOR HV AND OTHER CIRCUIT COMPONENTS MOUNTED ON SINGLE G 10 

GLASS PLUG IN BOARD HAVE A SERVICE PROBLEM' (VERY UNLIKELY) JUST 
UNPLUG BOARD AND SEND TO US 

• HEAVY DUTY COMMERCIAL GRADE QUALITY AND CONSTRUCTION SECOND TO 

NO OTHER UNIT AT ANY PRICE! 

• WEIGHT: 90 lbs. SIZE: 9‘4" (h) x 16" (w) x 15 J /4" (d) 

FEATURES 

CUSTOM COMPUTER GRADE COMMERCIAL COMPONENTS, CAPACITORS. AND TUBE SOCKETS 
MANUFACTURED ESPECIALLY FOR HIGH POWER USE-HEAVY DUTY 10KW SILVER PLATED 
CERAMIC BAND SWITCHES* SILVER PLATED COPPER TUBING TANK COIL • HUGH 4" EASY TO 
READ METERS-MEASURE PLATE CURRENT. HIGH VOLTAGE. GRID CURRENT AND RELATIVE 
RF OUTPUT • CONTINUOUS DUTY POWER SUPPLY BUILT IN • STATE OF THE ART ZENER DIODE 
STANDBY AND OPERATING BIAS PROVIDES REDUCED IDLING CURRENT AND GREATER 
OUTPUT EFFICIENCY • BUILT IN HUM FREE DC HEAVY DUTY ANTENNA CHANGE OVER RELAYS 

• AC INPUT 110V OR 220V AC. 50 60H/ • TUNED INPUT CIRCUITS • ALC REAR PANEL 
CONNECTIONS FOR ALC OUTPUT TO EXCITER AND FOR RELAY CONTROL* DOUBLE INTERNAL 
SHIELDING OF ALL RF ENCLOSURES • HEAVY DUTY CHASSIS AND CABINET CONSTRUCTION 
AND MUCH. MUCH MORE 






SIGMA RF 2000 SWR & POWER METER 

Introductory Price $29 Cal PWR Scales 200W-2000W 
Freq Range 3 5 ISO MHrPlease do not contuse the 
RF2000 with similar appearing lower priced units 
RF2000 is an individually calibrated professional 
quality instrument Unequaled at many times the 
price Site 7" (w) x 2MT (h) x 2 1/3' (d) 





-—4 I * . • 


NEW AM/FM ANALYZER 

SIGMA AF-250L 

INTRODUCTORY PRICE $199 
Deviation/Modulation Meter FM 0 20 KH 2 . 
AM 0 100 Site 5'. (h) x lO'/x' (w)x 7‘i" (d) 
Weight 7 lbs Frequency 1 8MHz 520MHt 


ALSO MODEL AF 25ILW 
WITH BUILT IN 125 WATT 
CALIBRATED WATT 
METER & DUMMY LOAD 
PRICE *289. PLEASE 
WRITE FOR COMPLETE 
INFORMATION 


NEW—COR HAM ROTATORS-Reg $159 95 $125 



STANDARD 
NEW 2 METER 
FM TRANSCEIVERS 
Model SRC 146A 

SPECIAL SALE 

SRC 146A $314 

4 Xtals 34/94 and 94/94 NC 

USA 2 Delu»e Base Charger $40 

PT 3644 Leather Case $10 

AT 19 Rubber An! and Whip $6 

Nl Cads $3U 

Reg $400 
Our Price $279 
NEW' Touch Tone pad completely 
wired and ready to plug in $69 00 



ACCESSORIES FOR KOK FM 144 

FMPS4R Regulated AC ■ PS 

fMIP | looth Iortf Pad 

fMIPJ touch lone Pad »ith 10 Number 

Programabre Memory 
FMMC l Microphone with Bud! m 
touch lone Pad 

FMTO 1 Private Call Decoder Tot me with and 
Programed by Any Touch tone Pad 
SC l?A Audible tone incoder Decoder 
FMSC I Scanner Random An, Range 

IMSC. Stanne- Programable II Channel* 

MARS (AP Option hi! An, Frequency 
Any Soli! 

TROF ’ Olivet Option Hit 1 

(■Ira Poulrow Cryytah Required 
IMOf 7 • I MM/ Qthel Option Hi! 

(No Crystal* to Buy! 

1 Sub Audible lone i 100 H/ 

Ad|u\tab(f hi ?0i H/l 

FMAT | Wa»r PortaWf Antenna lor Hotel 

Motel or Apartment 
Elba DC Cord A Plug 
ACC Socket S Pm Dm Plug 
Onnen Manual lE«lra» 

ServKe Manual 
Mounlng Bracket 


NEW! 

FMSC-2 
SCANNER 

FOR KDKFM-144 

14 CHANNEL PROGRAMMABLE 
INTRODUCTORY PRICE $109 



FMSC 1 • $169 


NEW! 

';<*)T rauri 

I 

7400 

Saa 


. ... M| SCANNER 



FOR KENWOOD TR-7400A 

14 CHANNEL PROGRAMMABLE 
INTRODUCTORY PRICE $109 


TWO NEW 
SCANNERS! 

FMSC 1 Scanner tor KOK FM 
144 and 7400Scanner II for 
Trio Kenwood TR 7400A 
• Full scan 146 and 14 7 MHz 
consecutively or l MHz, or 
any MHz range* Scan rate l 
MH//2 seconds adiusta 
ble) • Controls Scan Hold 
Latch/Delay 600 KHz offset 
(off up, down) program 1 
MHz • Simple installation 


7400 Scanner ll $189 


NEW - 
TEMPO 
2020 

A brilliant 
new SSB 
transceiver providing advanced 
engineering and unique operating 
features FNease write for information 



ATLAS 210X-215X and 350-XL 

Please write tor special Bonus and package otters 


■ Si - 


NFW* S 2 25 Two Meter 

aM SynthesizedVHF 

AMCOMMiS^^ FM Transceiver 

25 watts output 
mmm *1 , 600 kHz and 1 

a ^ ^ •* ! MHz offsets built 

• • • in Please write 

'"for complete information and SF*ECIAl 
INTRODUCTORY PACKAGE PRICE 


The indispensable 

\ BIRO 43 
\ THURLINE 
4 WATTMETER 

Authorized Bird 
I# Distributor 
Please write for 
special deal 


ATLAS.COLUNS.DE N 
TRON. CUSHCRAFT. 
BIRD. STANDARD. KLM, 
HYGAIN KENWOOD. 
TEMPO MINI-PRO 
DUCTS. MIDLAND VHF 
MARINE EIMAC ICOM 
AMCOMM etc Please 


Amateur-Wholesale Electronics 

8817 S.W. 129th Terrace. Miami. Florida 33176 "«**• hot. Ve will be closed tor annual vacation 

August 12 21 PncM *ubt#ci to changa without notice 

COURTEOUS PERSONAL SERVICE-SAME DAY SHIPMENT • 

TELEPHONE (305) 233 3631 • TELEX 51 5628 • STORE HOURS: 10 5 MON FRI 

miD mrw SI GREGORY WA4KGU JR MAGGIO Mgr SE GLICKMAN Gx&ScJ 

OUR CKtw 0wner/Gen Mgr W8CXL WB4HFJ WSSUM - 
















































?iFM 

and HF too .. 

Summer Specials On 

HANDHELDS 


Standard 
Wilson 

Plus Antennas 
All Other Accessories 
In Stock! 

Call or Write for 
Erickson's Deal 

• Ameco* ASP* Atlas 

• Belden • Bird • CDE 

• CES* Collins • Cushcraft 

• Dentron • Drake • HAL 

• Hy-Gain • Icom • KLM 

• Kenwood • Larsen • MFJ 

• Midland • Mosley • NPC 

• Newtronics • Nye 

• Regency • Shure • Swan 

• Standard • TPL • Tempo 
,* Ten-Tec* Wilson*Yaesu 


\J w I Cl 1“ 
\1 



ERICKSON ▼ 
5935 MILWAUKEE 



An Excellent Selection of Fine 
Used Equipment Always in Stock 

Hours: 9:30-9 Mon. & Thurs, 
9:30-5:30 Tues, Wed. & Fri. 9-3 Sat. 

ERICKSON 
COMMUNICATIONS 

5935 N. Milwaukee Ave. 
Chicago, IL 60646 
(312) 631-5181 


This is easy* 
anyone can solder 

WITH 

KESTER SOLDER 


ixestep 1— 


L SOLDER M 



Handymen! Hobbyists! ® 
DO-IT-YOURSELFERS! - 

Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing — a radio. TV. model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. — Save money — repair it yoursell. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class” — use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 


I H KESTER SOLDER 

Litton 4 20 1 WRIGHTWOOD A V E N U E / C H I C A G O. ILLINOIS 60639 


40 Ft | 
Crank-Up" 
Ham Model T-140 


ALUMA 

TOWERS 


60 Ft 

Ham Crank-Up 
Model T-60-H 


HIGHEST QUALITY 

MADE IN ALUMINUM 

★ TELESCOPING 

(CRANK UP) 

★ GUYED 

★ TILT OVER MODELS 

QUALITY MADE 


10's OF THOUSANDS 
OF CRYSTALS 
IN STOCK! 






\ 

A 


H?5C CASE 

SCANNER 

MONITOR 

10 7 

AMATEUR 

HAM 

\ 7 METER 

\ CB 

\STANUARD 


HAM 

COMMUNICATIONS 

MANY MODELS MFG. 

Towers to 100 feet. Specials 
designed & made. See dealer 
or send for free catalog. 


ALUMA TOWER CO. 
BOX 2806HR 

VERO BEACH. FLA 32960 
PHONE (305) 567-3423 


aia* 




Immediate delivery on most frequencies! 

OTHERS ARE SPECIAL ORDER 

CRYSTAL BANKING SERVICE 
P.0. BOX 683 

LYNNFIELD, MASSACHUSETTS 
01940 
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' 1977 Hy-Gain 


NEW FROM HY-GAIN 
2-METER BEAMS THAT 
LAST LONGER. WORK HARDER. 

AND COST LESS. 


Introducing a whole new 
generation of Hy-Gain 2-Meter 
beams. 

Completely redesigned for 
greater strength and corro¬ 
sion resistance. So they last 
longer. 

Newly engineered for 
greater performance and max¬ 
imum efficiency. So they 
work harder, your transceiver 
works better. 

And built better. So you 
pay less for the performance 
you want. 

Our new 2-Meter beams 
give you the kind of perfor¬ 
mance you expect from the 
world's largest manufacturer 
of quality antennas. Yet, thanks 
to Hy-Gain technology, they 
weigh less, have lower wind 
loading and are UPS shippable. 

They use an exclusive new 
element to boom mounting 
system that's mechanically 
stronger and electrically 
more efficient. All can be 



vertically or horizontally po¬ 
larized. And all are constructed 
of the finest aluminum and 
ZMI hardware. 

Hy-Gain 214 14-element 
close spaced beam with ex¬ 
tremely high forward gain and 
narrow beam width. $26.95 
Also available with 8- 
element optimum spacing, 
Hy-Gain 208. $19.95 

Hy-Gain 205 5-element 
optimum spaced end mount 
beam with high forward gain 
and broad frequency 
response. $16.95 

Also available with 3 ele¬ 
ments, Hy-Gain 203. $12.95 
See the new generation of 
Hy-Gain 2-Meter beams at 
your amateur radio dealer. 

Or write Hy-Gain; 8601 North¬ 
east Highway Six; Lincoln, 

NE 68505. 

hygam 

WE KEEP PEOPLE TALKING. 

Hy-Gain reserves the right to change 
prices, designs and/or specifications 
at any time without notice 


SPECIFICATIONS 

Mechanical 

214 

208 

205 

203 

Boom length 

186” 

148 %" 

75" 

43 Vi" 

Longest element 

39 Vi" 

40 Vi" 

39 V 

40 Vi" 

Turning radius 

95" 

75 ’/a” 

73" 

43 Vi" 

Wind survival 

80 mph 

80 mph 

80 mph 

80 mph 

Mast diameter 

1V«-1%" O.D. 

l’/4-W O.D. 

1V4-1%" O.D. 

1V4-1%" O.D. 

Boom diameter 

IVa" O.D. 

1’/4" O.D. 

1V4" O.D. 

1'/4" O.D. 

Wind load area 

1.65 ft 2 max. 

1.26 ft 2 max. 

.740 ft 2 max. 

.496 ft 2 max. 

Net weight 

Electrical 

5.5 lbs 

4.1 lbs 

2.9 lbs 

2.2 lbs 

Forward gain 

13.0 dBd’ 

11.8 dBd* 

9.1 dBd* 

6.1 dBd* 

Front-to-back ratio 

20 dB 

20 dB 

20 dB 

20 dB 

Maximum SWR 

2:1 

2:1 

2:1 

2:1 

Band width 

2 MHz 

2 MHz 

4 MHz 

4 MHz 

Maximum power 

250/500 PEP 

250/500 PEP 

250/500 PEP 

250/500 PEP 

Impedance w/balun 

52 ohms 

52 ohms 

52 ohms 

52 ohms 

Vi power beam width 

35° vertical 

43° vertical 

60" vertical 

95° vertical 

35° horizontal 

36° horizontal 

45° horizontal 

60° horizontal 

Stacking distance 

82" min. 

82" min. 

82" min. 

82" min. 


* Hy-Gain antennas are gain rated against a standard dipole antenna (dBd) instead ol a theoretical isotropic source (dBi). This is a more honest and 
realistic means ot comparing forward gam. 
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fllS-5 microminiature tone encoder 


Compatible with all sub-audible tone systems such as: Private Line, 
Channel Guard, Quiet Channel, etc. 

• Powered by 6-16vdc, unregulated 

• Microminiature in size to fit inside all mobile units 
and most portable units 

• Field replaceable, plug-in, frequency determining elements 

• Excellent frequency accuracy and temperature stability 

• Output level adjustment potentiometer 

• Low distortion sinewave output 

• Available in all EIA tone frequencies, 67.0 Hz-203.5 Hz 
Complete immunity to RF 

• Reverse polarity protection built-in 


$29.95 each 

Wired and tested, complete with 
K-1 element 


communication/ /pecioli/t/ 

P. O. BOX 153 
BREA. CALIFORNIA 92621 
(714) 998 3021 




K-1 FIELD REPLACEABLE, 
PLUG-IN, FREQUENCY 
DETERMINING ELEMENTS 

$3.00 each 
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unuMi/uHnu nmr 

General purpose amplifier which 
may be used as a tuned or untuned 
unit in RF and audio applications. 20 
Hz to 150 MHz with 6 to 30 db gam. 
Cat No. 035107 
Specify when ordering 

$4.75 ea. 


Resistor/capacitor circuit provides 
osc over a range of freq with the 
desired crystal. 2 to 22 MHz. OF-1 LO, 
Cat. No. 035108. 18 to 60 MHz, OF-1 
HI, Cat. No. 035109 
Specify when ordering 

$3.25 ea. 

v y 


OF-1 OSCILLATOR 


TRANSISTOR 

A single tuned circuit intended for 
signal conversion in the 30 to 170 
MHz range. Harmonics of the OX or 
OF-1 oscillator are used for injection 
in the 60 to 179 MHz range. 3 to 20 
MHz. Lo Kit, Cat. No. 035105. 20 to 
170 MHz, Hi Kit. Cat. No. 035106 
Specify when ordering. 

$4.50 ea. 


pax-1 

TRANSISTOR 
RF POWER AMP 

A single tuned output amplifier de¬ 
signed to follow the OX or OF-1 
oscillator. Outputs up to 200 mw. de¬ 
pending on frequency and voltage. 
Amplifier can be amplitude mod¬ 
ulated. 3 to 30 MHz, Cat. No. 035104 
Specify when ordering. 

$4.75 ea. 


SAX-1 

TRANSISTOR 
RF AMP 

A small signal amplifier to drive the 
MXX-1 Mixer. Single tuned input and 
link output. 3 to 20 MHz. Lo Kit, Cat. 
No. 035102 20 to 170 MHz. Hi Kit. 
Cat. No. 035103. 

Specify when ordering. 

$4.50 ea. 

y 


OX OSCILLATOR 

Crystal controlled transistor type. 3 
to 20 MHz, OX-Lo, Cat. No. 035100. 
20 to 60 MHz. OX-Hi. Cat. No. 035101 
Specify when ordering 

$3.95 ea. 


INTERNATIONAL CRYSTALS & KITS 

OSCILLATORS • RF MIXER • RF AMPLIFIER • POWER AMPLIFIER 



.02% Calibration Tolerance 

EXPERIMENTER CRYSTALS 

(HC 6/U Holder) 

Cat. No. Specifications 

031080 3 to 20 MHz — for use in OX OSC Lo 

Specify when ordering $4.95 ea. 

031081 20 to 60 MHz — For use in OX OSC Hi 

Specify when ordering $4.95 ea. 

031300 3 to 20 MHz — For use in OF-1 L OSC 

Specify when ordering $4.25 ea. 

031310 20 to 60 MHz — For use in OF-1 H OSC 

Specify when ordering. $4.25 ea. 


Shipping and postage (inside U S.. Canada and Mexico only) 
will be prepaid by International Prices quoted for U.S., 
Canada and Mexico orders only Orders lor shipment to other 
countries will be quoted on request Address orders to: 
M/S Dept , P.O. Box 32497, 

Oklahoma City, Oklahoma 73132. 



International Crystal Mfg. Co., Inc. 

10 North Lee 

Oklahoma City, Oklahoma 73102 
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products 


parabolic dish 
reflector kit 



Moonbouncers, radio astrono¬ 
mers, TV DXers, and others who 
have needed a parabolic dish antenna 
at a reasonable price will like the 
Paraframe — a rigid, accurate, 
parabolic antenna framework kit 
which one person can easily assem¬ 
ble with ordinary hand tools. The 
Paraframe design permits the reflec¬ 
tor to be fine-focused for peak per¬ 
formance, yet the weight is low, 
while strength is high. 

Prestressed Paraframes are made 
of wood, and the ribs are furnished 
with two coats of premium-quality 
latex exterior sealer-primer, followed 
by two coats of premium quality latex 
exterior paint in a neutral gray. Other 
colors are available upon request. 

The Paraframe's price is such that 
you can build a parabolic reflector for 
less than one-third the cost of a 
similar antenna of equivalent aper¬ 
ture. For example, the SD12 is a 12- 
foot (3.66-meter) design with a focal 
length/diameter (f/d) ratio of 0.5. 
Sixteen prestressed ribs provide suffi¬ 
cient rigidity for useful work at 2300 
MHz in a 40-mph (65-kmh) wind. The 
ribs will accept 7/16 inch (11mm) 
staples for attaching the aluminum 
window-screen reflector material. 
Model SD16 has a sixteen foot (4.88 
meter) diameter and 20 ribs; model 
SD20 has a twenty-foot (6.1 meter) 
diameter and 24 ribs. 

A complete selection of expanded 


and perforated aluminum covering 
material, together with low-loss coax¬ 
ial cable suitable for uhf purposes, is 
available from the Paraframe kit 
supplier. 

The model SD12 is priced at $690 
(shipping weight is 140 pounds or 64 
kg); model SD16 is $1120 (shipping 
weight is 230 pounds or 104 kg); and 
model SD20 is priced at $1680 (ship¬ 
ping weight 400 pounds or 181 kg). 
Shipping cost will be approximately 
$25 per cwt (45kg), maximum, 
anywhere in the continental United 
States. Terms are 50% of the pur¬ 
chase price with the order, the 
balance COD. Illinois residents are 
asked to include 5% sales tax. 

For a complete description and il¬ 
lustrated brochure, write to James K. 
Vines, 611 Farmview Road, Park 
Forest South, Illinois 60466, or call 
(312) 534 0889 after 7 PM CDT. 


rf hybrid 
amplifiers 



TRW RF Semiconductors has in¬ 
troduced an rf-hybrid gain block 
which will meet or exceed the most 
demanding requirements of i-f 
amplification in advanced microwave 
radio relay system applications. 

The amplifier, designated 
CA2875/2875R, has a noise figure of 


typically 4 dB and a third-order in¬ 
tercept of +42 dBm. Requiring a 15 
to 24 volt power supply, the CA2875 
is suitable for positive power supply 
polarity while the CA2875R will ac¬ 
commodate a negative supply 
polarity. 

Other parameters of the hybrid 
amplifier include a return loss of 
greater than 30 dB at both the input 
and output ports, phase linearity from 
30 to 110 MHz and wide dynamic 
range. These i-f gain/blocks have a 
center frequency of 70 MHz as well as 
a nominal gain of 17.5 dB and an 
operating temperature range of 
- 40°C to +100°C. 

In quantities of 100 pieces, the 
CA2875/2875R is priced at $31.50. 
For more information contact Warren 
Gould at (213) 679 4561 or TRW RF 
Semiconductors, 14520 Aviation 
Boulevard, Lawndale, California. 

equipment directory 

Have you ever searched through a 
pile of magazines, a loose-leaf collec¬ 
tion of product releases, or a collec¬ 
tion of dog-eared catalogs looking for 
a particular antenna, the specs on a 
new transceiver, or the nearest 
distributor-dealer for a certain brand 
of amateur equipment, only to give 
up in frustration? 

Well, you don't have to repeat that 
futile exercise this year. The new 
1977 Amateur Radio Equipment 
Directory, published by Kengore Cor¬ 
poration, got it all together just for 
you. Here is a comprehensive catalog 
of amateur equipment, complete with 
the names and addresses of manu¬ 
facturers and distributors, together 
with product photographs, specifica¬ 
tions, and prices, conveniently and 
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attractively bound between soft 
covers for your reference library. 

Not every last item made by every 
manufacturer is listed, nor do the 
prices reflect recent price increases, 
but the catalog lists telephone 
numbers where you can get the 
latest, correct information. In spite of 
these minor (and expected) short¬ 
comings, you’ll have to look a long 
time before finding anything nearly as 
useful or informative. For your copy, 
send $2.95 to Kengore Corporation, 9 
James Avenue, Kendall Park, New 
Jersey 08824. 

70-watt two-meter 
amplifier 



A new 70-watt, four-mode, two- 
meter amplifier has been introduced 
by VHF Engineering. This new 
amplifier, the Blue Line BLC 10/70, is 
designed to be used with the popular 
10 -watt fm transceivers and multi- 
mode transceivers in the 5-15 watt 
class; it will deliver 70 watts output in 
both the class C or linear mode. An 
additional model, the Blue Line BLC 
2/70, offers the same features as the 
BLC 10/70 but will operate with 
transceivers or transmitters in the 1 or 
2 watt class. 

The VHF Engineering Blue Line 
series of amplifiers have been 
designed for reliability and long life 
and feature unique broadband, strip¬ 
line designs which require no tuning 
or adjustment during their lifetime. 
Automatic sensing and relay switch¬ 
ing are provided to automatically 
switch the amplifier into the circuit 
when drive is applied in the class C 
(fm) or linear (ssb) modes. The ampli¬ 
fiers offer high efficiency and intro¬ 
duce a receive insertion loss of less 
than 1 dB. They are designed for 



7182 RASMUSSEN AVE., VISALIA. CALIF. 93277 


Rug 

Tri-Ex 
Give 




Giants 

Needle Towers 
antennas 
big lift! 

Regular and 
heavy duty 
towers 


This advanced 
"Sky Needle" is 
own special place 
ham-communications 
takes great pride in 
developer and first to 
crank-up, freestanding tubular 
tower for the amateur. Uniquely 
eye-pleasing, the slim and grace¬ 
ful "Sky Needle" is a symbol of 
pride to its owner as well as proof 
positive that he has the very best 
in towers. Tri-Ex offers immediate 
delivery. Act now! Write for your 
free brochure, today. 


Hy-Gain 1i 
ante 


ri-Ex TOWER CORPORATION 
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the word’s out 

your ears 
^HH|tell you 
PPV there’s a 
** “ difference 



Just listen on VHF or UHF. Before long you'll discover that 
the guy with the full quieting signal, the readable signal, the 
one that gets through best usually says: .. and I’m using 
a Larsen Kulrod Antenna.” 

This is the antenna designed, built and ruggedly tested in 
the commercial two-way field. It’s the fastest growing make 
in this toughest of proving grounds. Now available for all 
Amateur frequencies in 5 different easy-on permanent 
mounts and all popular temporary types. 

Make your antenna a Larsen Kulrod and you’ll have that 
signal difference too. Also good looks, rugged dependability 
and lowest SWR for additional pluses. 

FREE: Complete details on all Kulrod Amateur Antennas. 
We’ll send this catalog along with names of nearest stocking 
dealers so you can get the full quieting “difference” signal. 

• Kulrod is a register**! trademark of lairsen Electronics 



11611 N.E. 50th Ave. • P.O. Box 1686 • Vancouver, WA 9866.'! • Phone: 206/573-2722 
In Canada write to: Canadian I-arsen Electronics. Ltd 
1340 Clark Drive • Vancouver, B.C. V5L3K9 • Phone: 604/254-4936 


12-14 Vdc operation in base station or 
mobile service. 

The BLC 10/70 sells for $139.95 
and the BLC 2/70 sells for $159.95. 
These new four-mode amplifiers are 
available from dealers nationwide or 
from VHF Engineering, 320 Water 
Street, Binghamton, New York 
13902, as wired and tested units. 

new antennas from 
cubic corporation 

■I:— 


i 

1 

A series of new amateur radio 
antennas, including four beam, two 
mobile, and one trap vertical model, 
are available now from Swan Elec¬ 
tronics, a subsidiary of Cubic Cor¬ 
poration. The fixed antennas include 
the TB-4HA, a triband beam for 
$259.95, featuring four working 
elements on 10, 15, and 20 meters; 
the 24-foot boom permits optimum 
spacing for maximum forward gain 
and front-to-back ratio. 

Also available are the. TB 3HA, a 
triband beam for $199.95 which 
features three working elements on 
10, 15, and 20 meters with a 16-foot 
boom; and the TB 2A, a triband 
beam for $129.95 which features two 
working elements on 10, 15, and 20 
meters. The MB-40H, a new heavy- 
duty two-element, 40-meter beam is 
priced at $199.95, and features two 
working elements on a 15.75-foot 
steel boom. All Swan beam antennas 
are rated for 2000 watts PEP and are 
designed for a vswr of 1.5:1 or better 
at resonance. 

The deluxe mobile models include 
a five-band mobile 45 antenna which 
features all band manual switching 
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for 10, 15, 20, 40 and 75 meters, a 
High-Q tapped coil, eight positive 
stop manual positions with gold- 
plated contacts, featuring a base sec¬ 
tion, mobile coil and 6-foot whip top 
section. It is power rated at 2000 
watts PEP; cost is $119.95. 

The new Swan 742 tri-band anten¬ 
na, priced at $109.95, which, once 
adjusted to desired operating fre¬ 
quency for 20, 40, and 75 meters, 
requires no further adjustment. It is 
power rated at 500 watts PEP. 

The Golden Swan Trap Vertical 
antenna, Model 1040V, an omni¬ 
directional, low radiation angle unit 
designed for 52 ohm coaxial feedline 
is priced at $122.95. Power rated at 
2000 watts PEP, it measures 21 feet 
high and covers 20, 15, 20, and 40 
meters. A 75-meter add-on kit is 
available for $39.95. 

Accessories include a Kwik-on 
connector for easy installation and 
removal of the mobile antenna for 
$7.95; an MMBX mobile impedance 
in-line, low loss match box, $23.95; 
and WM 3000 in-line peak reading 
wattmeter for $79.95. 

For further information about pro¬ 
ducts and prices, contact Swan Elec¬ 
tronics, 305 Airport Road, Oceanside, 
California 92054. 


10-500 kHz vlf converter 



Palomar Engineers has introduced 
a new vlf converter which converts 
signals in the 10-500 kHz vlf band to 
the amateur 80-meter band so they 
can be heard on an ordinary short¬ 
wave receiver. The converter pro¬ 
vides reception of the 1750-meter 
band at 160-190 kHz where transmit¬ 
ters of one-watt power can be 
operated without FCC license. It also 
covers the navigation radio-beacon 



s€^C 

the first name I 


-e*\ 


in solid state 


INTRODUCES THE 
VERSATILE 
NEW 






L-j 



HR-312 


More Channels...at the flip of a switch 

Unlock the unique mode switch and 12 channels 
become 144 

More Sensitivity, Less Interference. 

.25 mV Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

More Power Out 

35 watts nominal with a minimum of 30 watts 
across the band 

... for a lot less 

$ 269 °° 

_ rSltf Amateur Net 


S^-g-ewVCU ELECTRONICS, INC. 7707 Records Street 

I ’ Indianapolis, Indiana 46226 

THE FM LEADER ^ 

2 METER 220 MH z U.ixw 

6 METER 440 NIH Z i^tn 
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Designed for Base Station 
and Repeater Operation 



☆ AM-FM-CW-SSB 


☆ Continuous Duty 

☆ + 13V Accessory Socket 

☆ 115/230V Operation 

☆ T/R Switch 

☆ Metered 

☆ Fully Protected 


1W input, 70W output, Model V71 - $329 
15W input, 70W output, Model V70 - $298 
25W input, 130W output. Model V130 • $389 


POWER 

LABS 

I 



RF POWER LABS, INC. 

11013118th Place N.E • Kirkland, Washington 98033 
Telephone: (206)822-1251 • TELEX No. 32-1042 


band, standard frequency broad¬ 
casts, ship-to-shore communica¬ 
tions, long-range navy transmitters, 
and the European low-frequency 
broadcast band. 

The Palomar converter is simple to 
use and has no tuning adjustments. 
Tuning of vlf signals is done by the 
associated receiver which picks up 
10-kHz signals at 3510 kHz, 100-kHz 
signals at 3600 kHz, and 500-kHz 
signals at 4000 kHz. The converter 
features crystal control for accurate 
frequency conversion, a low noise rf 
amplifier for high sensitivity, and a 
multi-pole filter to reject broadcast 
and shortwave interference. Price is 
$55.00 postpaid in the United States 
and Canada. For more information 
write to Palomar Engineers, Post 
Office Box 455, Escondido, California 
92025. 

co-resident 8080 
editor/assembler 

Tychon has announced its co¬ 
resident editor/assembler (TEA) for 
8080 systems. Requiring only 5k of 
memory (R/W or PROM) it is com¬ 
pletely I/O independent and relies 
upon its own I/O software or the I/O 
routines already available in a user's 
system. The Tychon Editor/ 
Assembler accepts both octal and 
hexadecimal values throughout the 
program and the program listings 
may be in either octal or hexadecimal 
form. The switch between octal and 
hex is made at any time using 
keyboard commands. The TEA 
package is the only editor/assembler 
available which allows the user to 
easily change the numbering system 
used. The editor/assembler is 
relocatable using a special relocator 
within the program which will place 
TEA anywhere in the 8080's memory 
space. The program is available in 
1702A or 2708 PROMs and on paper 
tape. Listings are also available. 
Prices start at $35 for a paper tape 
version plus the User's Manual. For 
further information contact Tychon, 
Inc., Blacksburg, Virginia 24060. 
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PARABOLIC 

ANTENNA 

FRAMEWORKS 

FOR... 

□ EME □ TVDXing 

□ Radio Astronomy 

□ Experimenting 

□ Student projects 

Apertures available — 

12', 16', 20' TBA: 24' 

With PARAFRAME you can build 
a complete 20' parabolic 
antenna for $1300. With 
interchangeable feeds you can 
have several antennas for the 
price of one. 

JAMES K. VINES 

611 Farmvlew Rd. 

Park Forest South, IL 
60466 

(312) 534-0889 
after 7 PM CDT 



test for resonant 
resistance 
with an omega-t 
antenna noise 
bridge 


The Omega-1 Noise Bridge is an inexpensive and 
flexible lesimg device that can effectively measure 
antenna resonant frequency and impedance This 
unique piece of tesl equipment does the work of 
more expensive devices by using an existing 
receiver for a bridge detector There is no longer 
a need tor power loss because of impedance 
mismatch Gel more details or order now’ 


Model TE7 01 torl-IOOMHz Range *29.95 
Model TE7 02 loi 1 300 MHz Range *39.95 


ELECTROSPACE 

■VITCMa. IA4C 


320 TERRACE VILLAGE 
RICHARDSON. TEXAS 75080 
TELEPHONE (214) 231*9303 




Sold at Amateur Radio Dealers 
or Oirect from Electrospace Systems. Inc 
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GET TO 
THE TOP 
FAST! 

NOW YOU CAN CHAN6E, 

ADJUST OR JUST PLAIN WORK 
ON YOUR ANTENNA AND 
NEVER LEAVE THE GROUND! 

Rohn manufactures towers that 
are designed and engineered 
to do specific jobs and that is 
why we have the FOLD-OVER 
TOWER designed for the 
amateur. When you need to 
"get at" your antenna just turn 
the handle and there it is Rohn 
"fold-over" towers offer unbeat¬ 
able safety These towers let 
you work completely on the 
ground for antenna and rotator 
installation and servicing This 
eliminates the hazard of climb¬ 
ing the tower and trying to 
work at heights that could 
mean serious injury in a fall. 
So use the tower that reduces 
the risks of physical danger 
to an absolute minimum the 
Rohn "fold-over"! 

Like other Rohn big communi¬ 
cation towers, they're hot dip 
galvanized after fabrication to 
provide a maintenance free, 
long lived and attractive instal¬ 
lation. Rohn towers are known 
and used throughout the world 
...for almost a quarter cen¬ 
tury... in most every type of 
operation. You'll be in good 
company. Why not check with 
your distributor today? 


Do not attempt to raise antenna or 
antenna support near power lines — 
You can be KILLED 


Unarco-Rohn 

Division of Unarco Industries Inc 
PO lk>« 2000 Peoria Illinois61601 


\ \ 
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ADVA 



KIT $11^ 

ASSEMBLED S17.95 
ADD SI.25 FOR 
POSTAGE/HANDLING 


VARIABLE POWER SUPPLY 

• Continuously Variable from 2V to over 15V 

• Short-Circuit Proof 

• Typical Regulation of 0.1% 

• Electronic Current Limiting at 300mA 

• Very Low Output Ripple 

• Fiberglass PC Board Mounts All Components 

• Assemble in about One Hour 

• Makes a Great Bench or Lab Power Supply 

• Includes All Components except Case and Meters 


OTHER ADVA KITS: 
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MORE SPECIALS: a* 

RC4196DN 15V u 50mA VOLTAGL REGULATOR 1C Vwy UR la 
u* MAti i mil Highly H*yultt«l 15V Supply to* OF 1 AMP '» Re 
Raquitat only uivruIiIkI DC 118 XVI anti 2 bypati capaotixt 
With Data Shnl and Schrmatm 8 pm mOlP SI 25 

t M/41 FREO COMPENSATED OP AMP A/4! MC 1741. all mOlP 5 SI 
MCI458 DUAL 741 OP AMP mDIP 3*1 

HC4S68 DUAI 741 OP AMP mDIP 3*1 

2N3904 NPN TRANSISTOR AMPLIFIER/SWITCH lo 50 mA 100 6*1 

21 NERS Spoofy Voltaga 3 3 39 4 3. 5 1 68 82 400mW 4/SI 00 

9 1 10 12. 15. 16 18 20. 22. 24. 27. o* 33V I * ICTHI 1 Wait 3/SI 00 

• MONEY BACK GUARANTEE 

• ALL TESTED AND GUARANTEED 

ADVA 

m mW m m electronics 

BOX 4181 0. WOODSIDE, CA 94062 

Tel. (415) 851 0455 


FREE 


IC of FET't WITH 
$5«i $10 ORDERS t 
DATA SHEETS 
WITH MANY ITEMS 
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♦SUPER SPECIALS: 


1N914 100V. 10mA Otoda 
IN4001 100V 1A Rod 
IN4154 XV 1N914 
BH1 50V v iA B< utya Rat 
2N2222A NPN f.anwHor 
i 2N 2907PNP Tram.Mo. 
2N3055 Ponat Xitlnt 10A 
7N3904 NPN Amp** 100 
7N3906 PNP Amp/Sn .100 
CP050 Pnwat F E T Amp 


MPF102 200MH/ RF Amp 3*1 

40673 MOSFET RF Amp SI 75 
l M324 Ouad 741 Op Amp 94 

LM376 Pot Volt Hag mDIP 55 

NI555 T.nnt mDIP 2*1 

LM723 2 37V Rag DIP 3*1 

LM741 Comp Op Amp mDIP 4*1 

l M1458 Dual 741 mDIP 3*1 
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GREGORY ELECTRONICS 

The FM Used 
Equipment People. 


6 METER F.M. SPECIALS 


GE MA/E13. 40-50 
MHz. 6/12 volt. 30 watts, 
vibrator power supply, 
transmitter narrow band, 
receiver wide band. A 

complete unit, not oper- W 14 . H 6Vi . D 15 
ationally checked-out. less accessories. $ 
shipping weight 45 lbs. 


28 ' 


MOTOROLA T51G series. 40-50 MHz. 6/12 volt. 50 
waits, vibrator power supply, transmitter narrow 
band, receiver wide band. A complete unit, not 

_ operationally checked- 

out, less accessories, 
shipping weight 60 lbs 



s 18' 


W 15". H 6". D 18" 


GREGORY ELECTRONICS CORP. 


245 Rt. 46. Saddle Brook. N.J. 07662 
Phone: (201) 489-9000 


NOW! 

OUR NEW UNIVERSAL 

P0RTA-PAK 

MAKES ALMOST ANY FM 
OR AM RADIO PORTABLE 



Thu little |uy thinks (tut the ne* Unraerul Pori* P*k is re*ll| the »*j to fo lo» « portable po*e* source Of 
course He can't eiptess himself M words so f>u will iust have to take mj word for it David ts another of our more 
recent and great new products He rs probabli one ot our better efforts David is iust 13 weeks old and pie occupied 
with the more important things like eating and sleeping so my interpretation of hn thoughts may not be 
altogethei correct 

the Universal Pod* Pah is designed to fit anything from * S watl CB to a 25 watt commercial 2 way radio the 
Universal Port* Pa* comes m Itw yersions one rs a 4 5 AMP MR unit that will recharge in 13 to 16 hours and the 
othet rs a 9 AMP HR uml (hat recharges in 28 to 30 hours 

The Universal PoHa Pak comes complete with a heli arc welded aluminum case a gel cell battery and j plug 
m charger fhe Port* Pak case is finished m a black wrinkle and baked to insure durability 0u» new Universal 
Porta Pak can be attached in several ways depending upon the type ol service to which it will be put For intermittent 
or temporary portable service elastic bands are provided For more permanent duty as a portable pop nets or a 
slide mount may be used 

0u» very popular custom models are still available for those of you who have the following radios Regency BIM 
BIl HR2 HR6 Microcom Aquaphone MT25 or MT15 Genave Business Amaleui and Marine (COM 230 22 22S 
30A Midland 13 500 and 13 509 Heathkit HW20? and HW2036 and Standard SRC806 SRCB26MA 

Porta Pak started out as a very versatile accessory for the amateui but now the word is out and as a result 85$ 
of our sales are now lo the business radio services Among enthusiastic users of the Porta Pak are fhe C A P 
ambulance services fue departments Red Cross disaster teams towing services and private surveilance oigam/anons 
The Porta Pah and VHF Marine radio have provided small craft with reliable communications where it was im 
practical a short time ago 

Be sure to state the m»he and model ot you) tiansceivei when ordering and a custom model will be piovided 
it one is made lor it fhe regular mobile mount holes are used to attach the custom models No modification of youi 
radio is necessary 

4 5 AMP MR Deluie Porta Pah Universal or Custom Case W 50 plus SI 75 shipping 

9 AMP MR Supet Porta Pah Universal ot Custom Case S88 00 plus S? 75 shipping 
All Porta Pah units include Cel Cell Battery Chargei and Case 
Rubber Duckre Type Antennas $7 00 LED Battery Condition Indicators S5 00 

PORTA-PAK, INC. P.O. BOX 67 


SOMERS, Wl. 53171 
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Proposed bands for tomorrow? 


Oq5CM44[][3 kHz 




Drake FS-4 Solid State Synthesizer 
shown with Drake R-4C. MS-4 and T-4XC 


EOlDD-ElEDDkHz 

nso-noo 


Drake is ready 
for1979 TODAY! 


• NEW and EXPANDED amateur 
bands will be proposed at the 1979 
World Administrative Radio 
Conference! 

• If you have the Drake 4-Line, you 
are ready NOW for any of these hf 
frequencies by using either the 
Drake FS-4 solid state general 
coverage synthesizer or Drake 
selectable range crystals. 


Drake 4-Line gear is already designed to give you coverage of any 
of the proposed new amateur band expansions in the hf range. 

You can have them all, and everything in between, with the Drake 
FS-4 solid state synthesizer. It's ready to go with the R-4 series/T-4X 
series without modification. You can transceive as is or run split 
frequency with the Drake 1524 adapter 

You can adapt the Drake SPR-4 solid state receiver to use with the 
FS-4 by ordering interface kit 1523. The SPR-4 receiver will even 
cover the proposed new 1600 meter band at 160 kHz. If you do not 
wish to use the FS-4, you may select any of the specific new ranges 
with front panel selectable range crystals. There are 15 extra 
ranges on the R-4C, and four on the T-4XC. 


Drake 4-Line equipment is 
designed for you to use — without 
fear of obsolescence — year after 
year after year. 


Also consider the Drake L-4B linear amplifier — full power 2 kW 
PEP. ssb and 1000 W-dc cw. full rated for RTTY. offering full 
operator convenience with front panel by-pass switch and built-in 
precision high power wattmeter. , , 


R. L. DRAKE COMPANY 


DRAKE 




I® 

540 Richard Slreet, Miamisburg, Ohio 45342 • Phone (513)866-2421 • Telex 288-017 



Will your gear 
still score in 1979? 


Western Sales and Service Center. 2020 Western Street. Las Vegas. Nevada 89102 • 702/382-9470 










a NEW antenna principle 

PROVEN IN EXACTING TESTS AND MANY YEARS ON THE AIR AT W,)MBH — K(>AST — K8VRM 





BEAM 

ANTENNA 


A COMPLETE!. Y NEW ANTENNA 


only 27 inches high 
by 22 inches wide 


Here is an ultra compact beam antenna which can be tuned to any frequency between 7.0 and 14.5 
MHz. Weighing only 18 lbs. this antenna may not outperform a full sized beam but it sure will give 
you your share of DX and stateside contacts. Will handle 1 KW over a 100 kHz bandwidth. 

• Fully weather proof • Hi-Q, attenuates harmonics 

• Mounts easily on TV masting • Comes assembled & tested KITS 1040 $94.50 

• Figure 8 pattern A CA 

LITTLE GIANT MODEL 100X1000-40 $ 149.50 

Other models available for 10. 15 & 20 meters Add $3 trans. 

Little Giant Antenna Labs, Box 245, Vaughnsville, Ohio 45893 

Subsidiary “Apollo Products*' Village-Twig Co. 

419-646-3495 


We Don’t Claim That Your ALPHA Linear 
Will Run A Kilowatt Key-Down FOREVER . . 



... But We Don’t Put A Time Limit On It. Either. 

YOU'LL PROBABLY NEVER SET A BRICK ON YOUR KEY FOR 26 000 MINUTES BUT WE 
DID IT TO ILLUSTRATE WHAT ETO'S NO TIME LIMIT [NTL| CONTINUOUS DUTY 
RATINGS REALLY MEAN TO EVERY ALPHA AMPLIFIER OWNER. 

April 7th: A standard ALPHA 76 was taken from production, loaded up to a tull 1000 
watts key-down dc input, and left operating with a brick on the key 

April 25th: The 76 was still operating completely normally delivering about 675 watts ol 

continuous rf carrier output into a very hot dummy load — after 18 days — 435 hours — 

some 26 000 consecutive minutes key-down at a full kilowatt You may have seen the 

same unit running key-down all day long the following week-end at the Dayton Hamven- 

tion It's still as good as new — a fact which will surprise no one who knows how all 

ALPHA'S are built You'd expect no less 
• 

The point is every ALPHA linear amplifier — including the power- and value-packed 
ALPHA 76 and the exclusive NO-TUNE-UP ALPHA 374 — is meticulously engineered 
and built to handle continuous operation IN ANY MODE AT MAXIMUM LEGAL POWER 
[NTL| No Time Limit And ETO's warranty on every ALPHA amplifier protects you 
FOR EIGHTEEN MONTHS — FIVE TIMES LONGER than most amateur equipment 
warranties’ 

SURE YOU CAN BUY A CHEAPER LINEAR . . . 

BUT IS THAT REALLY WHAT YOU WANT? 

A LINEAR AMPLIFIER IS A BIG INVESTMENT MAKE IT WISELY. For an enlightening 
glimpse at what goes into the design of every ALPHA by ETO's power professionals, or to 
aid you in comparing one linear with another, call or write for our brief guide entitled. 
"EVERYTHING YOU ALWAYS WANTED TO KNOW ABOUT (COMPARING) LINEARS. 

BUT DIDN'T KNOW WHOM TO ASK. " We'll also send you fulN detailed and illustrated 
literature describing the entire ETO line of superb ALPHA power amplifiers and 
AL PH A / VO MAX - the new split-band speech processor tha t's your key to rf clipper type 
"talk power" combined with easy mike-line installation and low-distortion, practically 
foolproof operation. 


ALPHA: 


b 


EHRHORN TECHNOLOGICAL OPERATIONS. INC. 

Q P.O. BOX 708 - INDUSTRIAL PARK 

CANON CITY, CO. 81212 PHONE (3031 275-1613 


GROTH-Type 


COUNTS & DISPLAYS 
YOUR TURNS 

ISf 




l H. BAUMAN SALES 

P.O. Box 122, Itasca, III. 60143 


Texas Instruments 

INCORPORATED 


Electronic 

Calculators 


TI-30-SP 

TI-1750 

TI-5015 

TI-5050M 

TI-5040 

Tl-5100 

Bus. Anal. 



Texas Instruments Microelectronic 
Digital Watches from $9.95 (TI-503) 

Hewlett-Packard Calculators 
10% discount from list. 

Add $2 per unit for shipping. CA shipments add 
6% sales tan. Send cashiers check or money order 
for immediate delivery (personal checks must clear). 
Most items shipped from slock within 48 hours. 

The Calculator Shop 

1160 Marsh Street 
San Luis Obispo, CA 93401 
(805) 544-1432 
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SPECSCAN-S Programmable Scanner 


.. . The ONLY Digital Scanner made for the IC-22S. It adds a whole new 
dimension to 2M FM. If any other accessory can make your IC-22S as ver¬ 
satile as the SPECSCAN-S does, Buy It! 


Scans the entire 146-147 MHz Bend In 15 kHz steps, auto¬ 
matically, or manually 

Exclusive VARI-SCAN™ control allows full control of scan 
rate In either direction 1 . 

Full compatibility with the duplex mode. / 

Uses state ol the art CMOS logic. ^ 

Low power consumption. Less than 500 Ma. 

RF Immune. Unalfected by nearby equipment and In high 
RF areas. 

Large LED display lets you see every channel at a glance. 
Manual mode feature lets you scan past any portion ot the 
band and manually select a desired channel. 

Can be used as a remote unit with the radio hidden under 
the seat, etc. 

Easy Installation. Uses only one matrix position leaving the 
other 21 useable for manual programming. 

Automatically reads out your other 21 channels when they 
are used. 

Plugs into 9 pin accessory socket. 

Adjustable scan delay feature. 


SPECIAL PACKAGE PRICE 

BAAN0NEWIC22SAND 
SPICSCAN DIOITAl SCANNER 

Both for only s 398 00 


ONLY 


Amateur Net 


DIGITRAN KEYBOARD 


12 Key 

$8.00 



QUALI-COMP SWR/FS METERS 

Q 

Model 120 Model 110 

^ $ 19.95 $ 24.95 


16 Key 

$10.00 


This very popular Item at the 1976 Dayton Hamvention is 
NOW OFFERED TO YOU at these low prices Incorporates 
the ideal "tactile leel" leaving no doubt that contact has been 
made These NEW keyboards, manufactured by THE DIGI¬ 
TRAN COMPANY, are furnished with Instructions tor com¬ 
bining with a MOSTEK or MOTOROLA chip and a crystal (plus 
several small components) to become a Tone Encoder. 

12 Key (2of 7 Matrix) 2' x 2.7' x 5/16' $8 00 plus shipping 

16 Key (2 of 8 Matrix) 2.5' x 2.7' x 5/16' $10 00 plus shipping 




Model 110 SWR/Power/Fleld Strength Meter. Shows SWR from 
1:1 to 3:1, RF power from 0-10 watts and 0-100 watts Accuracy: 
SWR, 5%; Power, 10%. Frequency range 15 to 144 MHz Im¬ 
pedance: 52 ohms. Has 100 microamp DC meter. 5' bar antenna, 
SO-239 connector $24 95 plus shipping 

Model 120 SWR/Fleld Strength Meter. Indicates SWR from 1:1 
to 3:1 with 5% accuracy Has 300 microamp DC meter, 5" bar an¬ 
tenna, 52-ohm Impedance $19.95 plus shipping 


\r 


IT’S NOT TOO LATE TO SEND FOR YOUR 
1977 BUYER’S GUIDE. 44 PAGES OF 
AMATEUR GOODIES. 

SEE US AT HAMFESTERS HAMFEST . . . 
SANTA FE PARK, IL — AUGUST 14; DES 
MOINES HAMFEST . . . DES MOINES, IA — 
AUGUST 21. 





o) 

# 0 


If you have been having difficulty 
locating the Wattmeter or element lust 
right for you. . . You may have been 
looking in the wrong places. Our large 
inventory of most common elements lets 
you get what you want when you need 
it. Give us a call first for your BIRD 
needs. 


SL 


SPECTRONICS INC 


1009 GARFIELD 
OAK PARK. IL. 60304 
312-848-6777 
TELEX 72:8310 


HOURS 


Sat 


STORE HOURS: 

Mon Thurs 9:30-6:00. Frl. 9:30-8:00 
9:30-3:00, Closed Sun. & Holidays. 
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presents 


ATLAS ^ 

"-astr RADIO IRC. 




ATLAS 210x/215x 


AVAILABLE AT 




S/ecfoonieA 


THE NAME THAT’S KNOWN AROUND THE WORLD 


NEW! Drake DRAKE FS-4 SYNTHESIZER J 

ENCODER MIKE 

NOW IN STOCK. 

WE CARRY A FULL LINE OF ANTENNAS, ROTATORS AND TOWERS. 

ARRL PUBLICATIONS AND CODE PRACTICE TAPES. 

HY-GAIN MARINE VHF TRANSCEIVER IN STOCK. 

Qualified service and repair facilities on premises. Call for info. 

TUBES AVAILABLE 

COMPLETE YAESU, KLM. KENWOOD, DRAKE. ICOM, TEMPO. SHURE, 
• TURNER ASTATIC. HYGAIN, LARSEN. KDK. WILSON, ATLAS, SWAN. 

f A BIRD ' MINIPRODUCTS, COLLINS. STANDARD. ETC. IN STOCK. 

OPEN DAILY 9-5; SATURDAY 10-3 
MAIL ALL ORDERS TO: BARRY ELECTRONICS CORPORATION 
512 BROADWAY. NEW YORK CITY. NEW YORK 10012 
- IA/r,DI n BARRY INTERNATIONAL TELEX 12-7670 

: WUKLLJ 212 925 7000 



60* CHANNELS 

DIRECT READOUT / PREPROGRAMMED 

WITH YOUR IC-22S 



■ 'r_r 

r“ ' , SOlMVOl 

. • 


*120 

channels 

with 



Option 


Tmi Gel Ihese )4 
Pie PiogiAmmed i 

144 01 144.34 

144 04 144.37 
14407 14440 
144 10 144.43 
144 13 144 41 
144 14 14444 
144 1) 144.47 
14422 144 70 
144.2) 144.73 
144 21 144.74 
144.31 144 79 


F>e4u«flon 
in (he Cow m io n ; 

14412 147.1) 
1448) 147.18 
14488 14721 
144)1 14724 
144)4 147.27 
144 )7 147 30 
147 00 147.33 
147 03 147.34 
14704 147 3) 
147 0) 147.40 


15 kHz Option 

Install the VIP-60 switch in place of the original 22 
chonnel switch in your IC-22S and you II hove the 
56 pre-programmed frequencies listed plus any 
four additional frequencies you wish to program 
for yourself. Add t 5 kHz splits with split option. 

. Fast, simple and clean conversion 

IgQ makes a fine transceiver even better 

|■Valley Instrument Products 

P O BOX 339 BARTLETT, ILLINOIS 60103 (312) 741 8820 


YOU'VE SEEN THE MAGAZINE ARTICLES 

Here’s what you can expect 
from the DX ENGINEERING 
RF Speech Processor 


6 db INCREASE IN AVERAGE 
POWER 

MAINTAINS VOICE QUALITY 
IMPROVES INTELLIGIBILITY 

NO CABLES OR BENCH 
SPACE REQUIRED - 

EXCttLENT FOR ^ 

PHONE PATCH ; 

NO ADDITIONAL ADJUST¬ 
MENTS—MIKE GAIN ADJUSTS 
CLIPPING LEVEL 
UNIQUE PLUG-IN UNIT—NO 
MODIFICATIONS REQUIRED 



£ 


This is RF Envelope Clipping— 
“'— the feature being used in new 
transmitter designs for amateur 
, and military use. i 


Valley Instrument Products 

P O Box 339 Bartlett IL 60103 


Ship HIP 40 tonvtwon kit(s) a! $2) 00 exh plus 

iA SI 00 pxkirg And shipping Include I) AM; optional) 

At S3 00 exh No CO 0 v PLEASE 

OChrch iv money onj» , » hj* S eni loved 

PI Chitgr m» VISA yc " 


Models Now Available 
Collins 32S, KWM 2 $ 98.50 ea. 

Drake TR 3, TR-4, TR-6, TR-4C, 

T 4. T-4X, T-4XB, T 4XC $128.50 ea. 

Postpaid — Calif. Residents 
add 6% Tax 

Watch for other models later! 


DX Engineering 

1050 East Walnut. Pasadena. Calif. 91106 
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MM 

MM I 

Mlt 

m;i 

*201 

7400TTL 


>4 ION 
mi id 
>41 jd 
HIM 
MI4N 
HWl 

mm 

I42CN 
M JIM 
F423N 
HIM 
MBN 
F4MM 

ntm 

HIM 
HIM 
r*J2N 
>« id 
HIM 


MJWI IN 

O ISP LAYS/LEDS 
»do »> i JIM (in 

* NO Ml i m< i m 
INOMOIMOI in 
I NO Ml I MO! 100 

(iv no Dim vi oo 

» NO MO l 0001 210 


MT1AI1 

Id TIM 
2N 272I 


TV GAMES 


SPECIALS 


DATA BOOKS 

NSC D*U< 

NSC linear 

NSC linear A/N Vol I 

NSC linear A/N Vol II 

NSC CMOS 

NSC Audio 

NSC Volta* R»( 


QMPUTER 

. S (83 i 


MOTOROLA EXORCISER & 

MEK D1 & MEK D2 COMPATIBLE MODULES 

MEK680002 - 6800 KIT ONLY $235 00 9676K 8K Sunt RAM Kn 775 00 




9601 16 Slot Mother Bd 

9602 16 Slot Cord Ca* 
9610 Proto Board 


1C MARKET PLACE 


9616 4K EPROM Module (1702A) 360 00 

9616K 4K EPROM K.t Modulo 776 00 
9670 16 Port Porollol I/O 375 00 

9676 8K Static RAM Modulo 360 00 


235 00 9676K 8K Static RAM Kit 775 00 

9660 8 Port Oupiax Aiyn Serial I/O 396 00 

'77 00 Ml 8> I*4tod not Kit* 

36 00 PLUS MOTOROLA TV MONITORS - PRIME 


Modal M3000 100 17 display 
Modal M7000 155 9 d.*>lev 
Add 810.00 lor ihippm* 


MICROPROCESSORS PROM* 
■OOOA (14(4 4110 

■no* 1 141* 4111 

■11} 4 n 4100 

■114 ■ 44 4101 

ni4 •» *v»o 


14 *4 4341 

14 M 414) 
14 44 ^1104 


W .4I1«14K 
w TM44040 23 pm 

if 4004 <4 pm 


1411*4 IM 2" 
141144 1 00 

1411W I 04 
141 1*2 I W 
1411*1 I 

4000 CMOS 


LOGOS I THE BEST 8K RAM KIT 


The lest word in 8K Ram Boardt 
Special Price of only $219.95 1 

Feature*: 

Lowpower 21L02. 450n*. Dip Switch 
Selectable addressing down to 256 
Byte block*. No wait states, fully buf 
ferad. battery back up 
w Plus the first 32K Static Memory w 
▼ Board Uses 2114 4K RAMS 

16K S 579 95 

24K 87900 

32K 1099 95 

(Note, supply contingent on 2114 
availability Allow 30 days.) 


AY38S00 1/TMI 1955 ONLY $16 95 
AY38500 (Europe Vernon! ONLY $24 95 
TV KIT NO 1 PCB. Chip Instr $29 95 
TV KIT NO 2 Parts let* chassis $39 95 
Special Gl Ro|ect Complete Game $14 95 ea 
(Repairable sold for S89 951 
MM57100 NSC TV Game Chip $16 95 
MM53104 Clock Driver 3.75 

LM1889 Modulator 3 00 

RF Modulator Model 1021 Assembled $8 96 


usao 

DIVIDERS 


SHIFT REGISTERS 


■npi is 

14 An in 30 

1«N-t/T 22 

iai>N.sn n 

niwvt r 

nr.- ia 41 

jen-s't 4a 

40 A- S/7 41 

CONNECTORS 
sioo mus mm imsaj moo 
siooausin iwsai *00 

stooeutw** aitaia sse 

sioo out s/r at t aim sn 

AS712 n a- Mai. O02V 1 W 

ItlUnlMlMMOSHI 104 


NEW CTS DIPSWITCHES 


JNWH 

jdiin 

jdim 

VT4HVD1S4I0 

PLESSEY 

SI 1410C 
S11411C 
S4.I412C 
(11411 
U1431C 


VS100 ''—"1 

4/SI 00 7 041 ISlMMj 

VS1 00 2 4MSMM 

vsi oo isnMwAt. 
«tioo iomh. 

VII 00 a 1M1&4MM. 
AT 1 00 4SISMMH, 
4ISI00 4aM M * 

t...4.,, 

7T10S ""*1 

•?’r «sr>i 

SIOO 

(140 14 413MM. 


COMPUTER KITS 


MOT MEK6800 D2 

235 00 

KIM 1 6502 Kit 

245 00 

AMI EVK 99 Kit 

13300 

Intercept JR 6100 Kit 

281 00 

lasts Computer book 

450 00 

NSC Scamp Kit 

99 00 

NSC Keyboard Kit 

95 00 

IMSAI 8080A w/22 

751 00 

PIC 8 Priority 

125.00 

SIO Kit 

125 00 

Cromemco Z-2 

595 00 

Byte Saver 

145 00 

Bytesaver w/PROM 

195 00 

Dai/ler 

21500 

0 ♦ 7A 

14500 

JS 1 Joystick 

6b 00 

8K EPROM/RAM Kit 

124 95 

2PU Kit 

295 00 


CHAR GEN/ENCODERS/UARTS 

SI 883 6 96 S2350USRT 

1602B 5 50 167IB Astros 29.95 

AY51013A 550 1482 13.95 

AY51015A 995 1472 1395 

MM5320 TV Synch Gen 7 95 

MM5369 Prescaler 3 95 

MM5376 Calc Chip 2.95 

CT 5001 Calc Chip 2 95 

CT 7001 Clock Chip 5.95 

MM5314 Clock Chip 4 95 

MM5316 Clock Chip 4 95 

MM5375 Clock Chip 4 95 

R032513 Lower Cate 10.95 

R032S13 Uppercase 9.95 

AY52376 Keyboard Encoder 14 95 
AY53600 Keyboard Encoder 14 95 
MM6571 Char gen 19 95 

MM6574 Char gen 19.95 

MM6575 Char gen 19 95 


SIOO COMPATIBLE PRODUCTS 

lofoi 1 8K Ram Board Intro Price 

8719 9b 

801C BK Ram Board 

1198 00 

8 Slot Motto Board (Expendable) 

8 79 9b 

•■/Connector* 


Extend* Board 

8 34 96 

Universal Proto Board n/lnitruclioni 

8 39 96 

J7K Static Ram Board Kit 

81099 9b 

1 Alton 30 Day* 1 


Tar ball Caxiettx I/O 

8170 00 


v *w>* 0*0 22 pm in 

mi rion., »e44 

Plus huge backup inventory 
with special pricing for 
VOLUME requirements. 
Call for a quotation 


All Shipments FCM or UPS Orders 
under $100 00 edd 5% handling and 
pottage. Orders over $100.00 odd 2.5% 
handling 8i pottage Mettercharge/Bank 
amencard/COD accepted w/25% deposit 
California Residents odd 6% tax. Foreign 
Orders add 8% handling All parts prime 
factory tested guaranteed Same day 
shipment Add 25 cents for Data 


SPECIALTY CHIPS 


34702 Band Rate Gen 

$15.95 

upD372 Floppy Controller 

55 00 

upD371 Mag Tape Controller 

49 95 

App Notes for 372 Floppy 

695 

W01771 Floppy Controller 

69 95 

AY5 3550 4% DVM Chip 

24 95 

8038CC Wave Gen 

350 

MKS007 Counter 

6 95 

AY5 3507 DVM Chip 

12 96 

WD1941 Dual Baud Gen 

995 

ICM7208IPI 

16 95 

ICM704SIPI 

18 95 

MC14411 Baud 

12.95 

Retail pricing may vary from 
^ Mail Order pricing. 



P.0. BOX 17329 
Irvine. California 92713 
New Phone (714) 558-8813 
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POLY PAK'S IS THE “BARREL KIT KING” OF THE WORLD! 




9 *s 


— CB-HAM NO 

COMMUNIO 

VCf> It ; 

Ranges-DC Voltage: 0 to 15, /A||A| 

150, and 1000 V; AC Voltage: 0 ■■ 

to 15, 150, and 1000 V; Direct f'%-10 7I||1 

Current: 0 to 150 mA; Resist- H u 

ance: R x IK (measures 100 ft to v. 

100 k ft): Sensitivity—AC/DC: U 

1000 ohmsper-volt » Cut* out «* 

Battery, tor ohms function (not h ,- hw . v 

supplied)—one 1.5 V penlite machinery,highway 


O R*" (RCA VS034A or equiv.). 

i —1 Size and Weight-Dimensions: 

LJ 3V,» in. (9 cm); 2% in. (6 cm); 

in (3.4 cm); Weight: 5 oz. 

100 ohms per V. (142g). Cat. No. 8H3921 


CB-HAM NOISE CANCELLING 
COMMUNICATIONS MIC 

f ilm • UNIVERSAL] Fit virtually 

,Ui I all rigs . . . everywhere. 

Ill'll * Dynamic cartridge. 

jllm The unswer to the biggest 

bN-— mobile communication prob- 

K cancelling. Works rtvire 

0 fine \ effectively than power 

\U*I~| | mikes. A must for 2 meter 
U illJII } hams. Doesn’t "trip" re- 
J U J peatera. Low impedance, 
\ y frequency response .100- 

^ 5000 llz. sensitivity^—ft.’Vdb. 

• Cuts out noise of made of hi-imp«ct r>lnrk 

• cuts out noise pla , tic With wiring instrac- 

machlnery, highway (I „ n , for 100 ’s <.f cn's. 


$1.98 100 % good. 

Famous NK-2’s. All prime, 
but factory made millions 
and barreled 'em. Your ad¬ 
vantage Cat.No 8H2613 

BARREL KIT #27 
PREFORMED DISCS 

150 for —fee) 
$1.98 


for clear transmission. Spt. wt, 2 lbs. 8H 3902 

5 IN1PROJECT-ALL 

. SLIDE PROJECTORS 

. m 


8TJACK I 

*fl95 TRANSPORT 

■ I n • Shielded preamp 

w U # 115 vaC fan cooled motor 
• Slides easily into modular cabinet 

Special purchase from a^famous USA ‘ 

Se most esTensTve home players. Plugs into i.i>r stereo 
LmoUn.r! Excellent r.nlneement unit or tlrsign your I 

owf, high Muallt, .terro t..pe xy.tem. Jt,,t »n ] 

8-track cartridge and deck turns on aulomaticuiiy 
Enjoy up to 8 0 minutes o! non-stop mus ic Kerno 
cartridge nnd player "luit! nB autornal, rally. ButU m 
low distortion preamp, nnd wow free AL motor. 

A nrngram indicator lights, automatic and manual track 
Election Ready to go. requires only external power 
supptyl With output cables for amplifier, *" d ,n .?" 
cables for power supply. With instructions. Wt. 4 lbs. 

Site: 9 x b x 3V2"- C«t- ho. 8H3010 __ 

^)Poly Paks I nc® Wakefield, Mass., U.S.A. 1977 



• Worth many times our asking price, 
e Great for Light Shows, Strobes, 

Light Displays, Slide Projector! 

• Wide angle focusing lens! 

US. maker. Originally designed as a slide 
Some may be modified for projecting a bar of me. Hign 
quality 1 lens condensing system. Requires standard 
100 watt projection bulb. 35mm Blides can be inserted 
and removed manually. Heavy duty bakelite case, grey 
hammertone finish. Design your own low cost Jignt 
show. Use a Xenon flash tube and make a strobe light. 
Many other uses too numerous to mention. Sire: 11 ' 

5 i/n * 4 Va " . wt. 5 lbs. Cat. No. 8H3870 _ 


Hi-Fi mfr's shelf inventory 
but he dumped 'em in bar¬ 
rels. Preformed, for PC use. 
Mixed values tool >609 

BARREL NIT #20 
LONG LEAD DISCS 

too for— O 
$1.98 —— 

marked only. Long leads 

Cat.No 8H2598 100 % goo< 

BARREL NIT #11 XL. 
POWER TAB 
TRANSISTORS jL / 

40 for A 7 

$1.98 'WT 

NPN, plastic TO220 type. 
Assorted 2N numbers. 

No. 8H2425 Untested- 
BARREL NIT #7 
VOLUME pEA. 

CONTROL 

30 for 

$1.98 100 % good j 

Singles, duals, variety of 
values, .styles, big ones — 

small ones. Cat.N o. 8H24Z1 

BARREL NIT # 3 
1N4148/914 
SWITCHING DIOOES 

10O for $1.98 

finagini* famous switching 
diodes at these prices! 

Cat.No. 8H2418 Untested. 


by Corning, 
the finest resistor made. 
Mostly Va watters. 1 % to 
5 % tol. & a barrel of 
valu ea. Cat.No. 8H 2609 _ 

KIT #2 ft PLASTIC 
TRANSISTORS /W 

ioo for -w 

QO ”«*>*>* 
ZpXawfO Untested. 
Type TO-9 2 (TO-18), all 
manufacturers, variety of 

2N #>. Cat.No 8H26Q4 _ 

BARREL NIT #1 ® 
DIPPED MYLARSM^ 

60 for $1.98y w 

Finest capacitors made, 
sliiny finish. Imagine facto¬ 
ry dumping 'em in barrels. 

Cat.No.8H 2597100 % KQod 

BARREL NIT #10 
ROMS-REGISTERS 


75 for dfcs. 
$1.98 ^ 

Untested Hobby "WT" 

■Jk to IP pin devices, 
marked, internal factory 
numbers,, to Cat. No.8H 2424 

BARREL NIT #5 * 

SCRS, TRIACS, w''4Qk 
QUADRACS 

40 for 

$ 1.98 Raw factory 
stockl All the 10 amp types. 
Cat.No. 8HZ419 Untested. 

BARREL KIT #2 
LINEAR OP AMPS, ^ 

dips 75 for 
Vested $ 1.98 " 

May include 709’s, 741’s, 
703’s, 560 series. 656 In¬ 
cludes 8H2416 hobby 


No. 8H 2608 100% goo<|| 

barreTn rr #2?^2L. 
METAL CAN JK 
TRANSISTORS 'JVP 

IOO for $1.98 

Includes TO-6, TO-1, TO 
18, etc., assorted 2N num. 
bers, unmarked etc. 

Cat.No 8H 2603 Untested. 

BARREL KIT #14 
PRECISION RESISTOR! 

200 for 

$1.98 — 

Marked and unmarked V* • 
Va, 2 watts.No 8H24 28 


BARREL KIT #B 41ft 

SUBMINIATURE 

IF TRANSFORMERS 

75 for $1.98 

Amazing, includes 4 5 Tikes, 
osc. antennu. who knows. 

Cat.No. SH2422 100 %lgood 

BARREL KIT #4 
“4000" RECTIFIERS 

IOO for —o- 
$1.98 Untested.! 

IN 1000 senes. May in¬ 
clude 25, Ml, 100. 200. 
400, GOO. H00 and 1000 
volters. 8H2417 _ _ 

BARREL KIT #& 0k 
SN7400 DIP IC’S.^US 

75 for $1.98 ^ 

Marked 14 and/or with 16 
pin dips, may include gates, 
registers, flip flops, count¬ 
ers. 8H 2416 Untest Hobby 


Terms: Add postage Rated: net 30 
Phone : Wakefield, Mass. (617) 245-3829 
Retail: 16-18 Del Carmine St.. Wakefield. 


POLY PAKS 1= 

P.O.BOX 942 H LYNWriELP, MA. 01940 


SALf j/ | ( 

□ Send for FREE 

SUMMER CATALOG 


C.O.D.'sMAY 

be phoned 


MINIMUM ORDER — $6.00 
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RATES Non commercial ads 10« per 
word; commercial ads 60<t per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


YAESU FTdx 560 Transceiver: 80-10M, 550 Watts 
SSB/CW with matching speaker, CW filter, new and 
spare finals, manual. Mint condition. Ship in original car¬ 
ton. $415 F.O.B. Jordan, 1012 Olmo, San Jose, CA 95129. 

HAM RADIO HORIZONS, a super new magazine for the 
Beginner, the Novice and anyone Interested in Amateur 
Radio ... What it’s all about. How to get started, The fun 
of ham radio. It’s all here and just $10.00 per year. 
HURRYI HURRY! Ham Radio HORIZONS, Greenville, NH 
03048. 


WANTED: Preamps (Janel) 144PB. 432PA. W6R9Z, 1330 
Curtis, Berkeley, CA 94702. 


QSL CARDS, $10/500, postage paid. Includes all perti¬ 
nent data. Bowman Printing Service, 743 Harvard, St. 
Louis, Mo. 63130. 


QRP TRANSMATCH with Preamp for HW7 Ten-Tec. 
Send stamp for details to Peter Meacham Associates, 19 
Lorreta Road, Waltham Mass. 02154. 


VARIABLE AND TRIMMER CAPACITORS — RF chokes 
— Minlductors; stocked for immediate shipment. First 
class stamp for flyer. D & V Radio Parts, Rt#2, 12805 W. 
Sarle, Freeland, Michigan 48623. 

CANADIANS 1,000,000 surplus parts. Bargains 
galore. Free catalog. Etco-HR. Box 741, Montreal, 
H3c 2v2. 


PRESCALER BOARD for 650 MHz 11C90. Includes in¬ 
structions and parts source, 3.00. Also CSJ counter 
boards 15.00 (see 76 ads). RTC Electronics, P.O. Box 
2514, Lincoln, Nebr. 68502. 


DISCOUNTS — KLM, Larsen, Brimstone, Stereo 
Systems, Police Monitors, etc. Catalog available. 
BankAmericard & Mastercharge. 201-962-4695 Narwld 
Electronics, 61 Bellot Road, Ringwood, N.J. 
07456. 


PORTAPAK the accessory that makes your mobile real¬ 
ly portable. $67.50 and $88.00. Dealer inquires in¬ 
vited. P.O. Box 67, Somers, Wise. 53171. 


SELL GREENLEE CHASSIS PUNCH’S, a few used one to 
five times rest are new. 1/2, 9/16, 5/8,11/16,3/4,13/16, 7/8, 
15/16, 1, 1-1/16, 1-1/8, 1-3/16, 1-1/2, 1-5/8, 2-1/2, 2-3/4, 
2-25/32. Sold.as one lot at $45.00. Local buy $40.00 T.G. 
North, 2016 N. Adams St., Arlington, Virginia 22201. 


RADIO MUSEUM now open. Free Admission. 15,000 
pieces of equipment from 1850 telegraph instruments to 
amateur and commercial transmitters of the 1920's. 
Amateur station W2AN. Write for information. Antique 
Wireless Assn., Main St., Holcomb, N. Y. 14469. 


47 MFD 4500 VDC OIL CAPACITOR. Ideal for linears or 
laser discharge cap. NEW. $30 — 2/S55.00. 30 lbs. 
Transmitter Air Variable Capacitor. 55 to 500 MMF. Spac¬ 
ing .219. NEW. $8.95. 14 lbs. Please include shipping 
charge. R. W. Electronics, Inc., 3203 N. Western Avenue, 
Chicago. IL. 60618. 312-248-2480. 


QSL — BROWNIE W3CJI — 3035B Lehigh, Allentown, 
Pa. 18103. Samples with cut catalog 504. 


MOVING: Six meter, teletype, test gear. Miscellaneous 
meters, tubes. Too much to list. SASE. W1JTL, P.O. Box 
297, Leominster, Mass. 01453. 


NEW 4-Varactor, 3-transistor UHF TV tuner. Tunes thru 
440 MHz for ATV or repeater applications. $7.95 ppd. 
Workshop, Box 393H, Bethpage, NY 11714. 


TRAVEL PAK QSL KIT — Send call and 25«; receive your 
call sample kit in return. Samco, Box 203, Wynantskill, 
NY. 12198. 


STOP LOOKING For a good deal on amateur radio equip¬ 
ment — you’ve found it here — at your amateur radio 
headquarters in the heart of the Midwest. We are factory- 
authorized dealers for Kenwood, Drake, Collins, ICOM, 
Ten-Tec, Atlas, Regency, Tempo, Swan, Midland, Alpha, 
Standard, Dentron, Hy-Galn, Mosley, Cushcraft, and 
CDE, plus accessories. Thousands of thrifty hams from 
coast to coast already know us and we invite you to join 
them by writing or calling us today for our low quote and 
trying our personal and friendly Hoosier service. 
HOOSIER ELECTRONICS, P. O. Box 2001, Terre Haute, 
Indiana 47802. <812)-238-1456. 


BUY — SELL — TRADE — write for free mailer. Give 
name address and call letters. Complete stock of major 
brands new and reconditioned equipment. Call for best 
deals. We buy Collins-Drake-Swan Etc. SSB & FM. 
Associated Radio, 8012 Conser, Overland Park, Ks. 
66204.913-381-5901. 


MOTOROLA HT220, HT200, and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 320-4439, evenings. 


RF GENERATOR B&K 2050, one month old, warranty 
card. $80 General Radio precision variable, 1000 pf, cast 
housing, 50:1 gear drive, superb dial, $45. Stephen 
Johnson, 2011 Ferry Ave., Apt. l-#2, Camden, NJ 08104. 


WANTED: Collins 455 Kc mechanical filters. Stephen 
Johnson, 2011 Ferry Ave., Apt. l-#2, Camden, NJ 08104. 


RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 


THE BEST HANDBOOK in Amateur Radio. The Radio 
Communication Handbook from the RSGB in 2 volumes 
$31.90 from ham radio's Communications Bookstore, 
Greenville, NH 03048. 


HT100 Motorola wanted. Also pre 1935 QST’s. Al Blank 
W1BL, 272 Pine St., Bristol, Ct. 06010. 


TRANSMITTER TECHNICIANS - Voice of America has 
opportunities for qualified technicians at VOA stations 
in California, North Carolina, and Ohio. Duties include 
operations/maintenance of high power shortwave 
transmitters and related facilities on shift basis. 
Minimum qualifications: 3-years broadcast chief 
engineer 5 to 50 KW, or 3-years supervisor of opera¬ 
tions/maintenance high power military transmitting 
plant, or equivalent. U.S. citizenship required. Salary 
$15-19,000. Submit standard government application 
form, SF-171 to: VOA Personnel Office, Code 05-77, 330 
Independence Avenue, S.W., Washington, D.C. 20547. 
AN EQUAL OPPORTUNITY EMPLOYER. 


TRANSMITTING TUBES, HV and filament xfmrs, rotary 
inductors, transmitting capacitors. Send stamp for flyer. 
T.S. Marinich Electronics, 102 Bell St., Weirton, W. Va. 
26062. 


ALL TYPES ELECTRONICS supplies and kits, just 
released, 8 digit, 500 MHz counter kit, all parts, case 
169.95, specials include TO-3 heatsinks 1.50 555V, 723N 
3/1.25 FND-359 754, all new parts, you'll appreciate our 
serivee, write for flyer, Chemlab-MMC, Box 41472H, 
Chicago, II. 60641. 


RIDER'S RADIO volumes 4 to 22; fair to new condition. 
Sams Photofacts, 200 duplicate sets. Will swap for 
RADEX magazines, WRTHs, Broadcasting Yearbooks, 
EKKO stamp material and other radio literature. Also 
have thousands duplicate magazines to swap for my 
needs. Donald Erickson, 6059-H Essex Street, Riverside, 
California 92504 714-687-5910. 


POWER SUPPLIES — Brand New 2.5 amp. Less 
regulator circuit. You add. With circuit plans. $13 PP. 
Telstar Ent., E. 16109 Longfellow, Spokane, WA 99216. 


NEW NEW 
NEW 

Exciting Products 

DATA SIGNAL 

AND 

DIGITRAN KEYBOARDS 


Style A 


Style B 



003 

ooo 

□ Q|QOO 


2>4" x 3" 1%" X 2i/„" 

Style D Style F 


Style C 


OOQO 

0 0 0 3 
3000 



a 

*1 

H 

a 

M 

n 

M 

Ill 

Id 

13 

!•] 

a 



2%" x 2Ve" 2" x 2 11/16" 2i/ z " x 2 11/16" 

SUB-MINIATURE 
TOUCH TONE ENCODERS 

MODEL SME — Smallest available Touch 
Tone Encoder. Thin, only .05" thick, key¬ 
board mounts directly to front of hand¬ 
held portable, while sub-miniature tone 
module fits inside. This keyboard allows 
use of battery chargers. Price $34.50, with 
your choice of keyboards. 

MODEL DTM — Completely self-contained 
miniature encoder for hand-held port¬ 
ables. Only 5/16" thick. Three wire con¬ 
nection. Automatic PTT keying optional. 
With your choice of keyboards. Price: 
DTM - $49.50, DTM/PTT - $59.50. 

TOUCH TONE ENCODER 
WITH AUTOMATIC DIALER 

MODEL 204 — Completely self-contained 
12-digit Touch Tone Encoder with one 
automatic telephone number. Only 5/16" 
thick, for use on hand-held portables. 
Price $89.50 with your choice of keyboard. 

MODEL 205 — 16-digit keyboard allows 
for 12-digit manual encoding with auto¬ 
matic pushbutton keying of up to four 
telephone numbers. For hand-held port¬ 
able operation. Price $109.50, Styles D 
and G keyboards only. 

DO-IT-YOURSELF KITS 

Or, if you prefer, all components neces¬ 
sary to build your own encoder may be 
purchased “ala carte". 

Your choice of any keyboard .$8.50 

Digital T.T. Encoder 1C 14410 .$9.50 

1 MHz ULTRA SMALL Crystal .$5.95 

P. C. Board 0.8" x 1.2" and all resistors 
and capacitors .$3.50 


ds 


DATA SIGNAL, INC. 

2403 Commerce Lane 
Albany, GA 31707 
912-883-4703 


More Details? CHECK-OFF Page 126 
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NEW! 1C KEYER 


The World's Greatest 

Sending Device 



Adjustable to Any 
Desired Speed 


Now available from Palomar 
Engineers — the new Electronic 
1C KEYER. Highly prized by 
professional operators because it 
is EASIER. QUICKER, and 
MORE ACCURATE. 

It transmits with amazing ease 
CLEAR. CLEAN CUT signals at 
any desired speed. Saves the 
arm. Prevents cramp, and 
enables anyone to send with the 
skill of an expert. 

► SPECIAL ^ 

RADIO MODEL ^ 

Equipped with large specially 
constructed contact points. 
Keys any amateur transmitter 
with ease. Sends Manual, 
Semi-Automatic. Full 
Automatic, Dot Memory, 
Squeeze, and lambic - MORE 
FEATURES than any other 
keyer. Has built-in sidetone, 
speaker, speed and volume 
controls, BATTERY 
OPERATED. heavy shielded 
die cast metal case. FULLY 
ADJUSTABLE contact spacing 
and paddle tension. The perfect 
paddle touch will AMAZE you. 

Every amateur and licensed 
operator should know how to 
send with the 1C KEYER. 
EASY TO LEARN. Sent 
anywhere on receipt of price. 
Free brochure sent on request. 

Send check or money order. 
1C KEYER $97.50 postpaid in 
U.S. and Canada. 1C KEYER 
LESS PADDLE and non skid 
base S67.50. Add 6% sales tax 
in California. 

Italy write i2VTT. P.O. Box 
37, 22063 Cantu. 

Fully guaranteed by the 
world's oldest manufacturer of 
electronic keys. ORDER 
YOURS NOW! 



BOX 455, ESCONDIDO. CA 92025 
Phone: (714) 747-3343 


flea market 

MOBILE IGNITION SHIELDING provides more range 
with no noise Available most engines Many other sup 
pression accessories Literature Estes Engineering 930 
Marine Dr Port Angeles WA 9386? 

TRANSISTORS iC’s. Communications — CB Buy 
Dependability" at Low Costs Send tor your dealer con¬ 
fidential price list BSD Enterprizes. Box 32. Dept 2 Mt 
Jewett PA 16740 

TELETYPE EQUIPMENT tor beginners and experienced 
operators RTTY machines, parts supplies Beginner s 
special Model 15 Printer and demodulator St39 00 
Dozen black ribbons S6 50 case 40 rolls 11/16 pert tape 
$17 50 FOB Atlantic Surplus Sales. 3730 Nautilus Ave 
Brooklyn N Y 11224 Tel (212)3724)349 

SWTP AC30 cassette interface, excellent in performance 
and appearance with manual. $60 postpaid Model 19M4 
TELETYPE with printer, keyboard, tape distributor, typ 
ing reperforater power supply, table, manuals — all 
working many pieces nearly new $100. will deliver 
within 150 miles Robert Boyd Woodlawn Avenue Ken 
nebunkport, Marne 04046 

MOBILE BONDING STRAPS under 50c each Literature 
Estes Engineering. 930 Marine Drive Port Angeles 
Wash 98362 

CASH for any Collins unit 618T. 490T modules, parts, 
accessories Air Ground Electronics. P O Box 416 
Kearny N J 07032 

ELECTRONIC COMPONENTS Kits. Transistors. 1C s 
Send stamp for catalog Electronics Hobbles. 3421 S E 
Hawthorne Rd Gainesville. Fla 32601 


ALDELCO SEMI CONDUCTOR SUPERMARKET 


Rf 0EVICES 

7N3J75 1W 400 MM/ 5 50 ZNbUHO 4W I 75 MM/ 5 40 

7NJ8C6 IW 400 MM/ 91* 7N6O01 15W I 75 MM/ H 45 

7N5589 JW 1 75 MM/ 4 75 ZNMK7 25W 1 /5 MM/ 10 95 

ZN5590 IOW I 75 MM/ 7 80 ZN60B3 30W 17b MM/ I? 30 

7N5591 75W I75MM/ IU 95 7NI084 40W 1 75 MM/ 16 30 
7SC517 395 ZSCI307 5 25 

7SCI276 I 25 7N4477 » 35 

7SC130G 4 30 7N5I09 7 05 


NOW NCW IMPROVtO DIGITAL ALARM CLOCK KIT Muu*t • 
Mix.iln • Setundt d'>»>*/* eil in Vg.ne.it 

D>h**i l f OS 17 Imm IikamI 74 hou. *l|im with im«/t l/jluit 
|4ut fUinnl I in** mitK «lcw and linn l»«lur* I ifht p*gr* nt 
(Klwifli md imOuciiom MW ikiUmmI t»an*lo»me* ml 

cut Mill V to* liiw Imw with ..mutated wood tj**in ubuwi 

173 95 

12/74 Mom* Clock Kn Sn tn| 5 LlOS •'**/» 'raiuir w«lh simulated 
wood cjtHiwt 173 95 


6d*t. 

..... IK 
■ 4'*" a 6 ' cabinet 
A.wmltird LkMI Cnmplft* 1149 95 

VARIABLE POWER SUPfLV KITS 

17 78 VCX 16 95 

ZENERS 

IN/46 to 1N/59 4Q0 M* r/ 7b 


7N7B/6RCARI 110 95 

MPSAI4 90 

7N3055 99 

MPt 107 E|T 55 

7N.1904 w 7N:i906 10 '79 

MJ3055 7 70 

Mjf 340 I?N56551 It 10 

40673 RCA El I $155 

741 o. 709 Pm DIP 75 

555 1 inn 75 

VMI trmtr Brel. 15 $1 00 

7U0 Vull 75 Am,. $1 50 

IN914 IN4I48 15 100 

IN34 INflO IN64 10 lo* 99 


917 
««cir 

ONLY $99 95 


000 Ms 5 16VDC $6 95 

1N4778U. 1N4764 1 w 7H 
CA J078A D.1 A mil $1 50 

8080A $19 95 

l M309K Vull Reg 1 10 

7N5401 95 

7H07 1 8I.>*$17 50 

7N6I03 89 

7 Amp 1000 Vull Mrg 10 $1 00 
7N<.I03 16 Amp »u 770 90 

l M 709 cm l M 741 Mm D.p 45 
LM74ICu* T06 0P Amp 45 
14 o* 16 Pm 1C Sockets 30 
MP5A 13 ISPS5700I 80 

Wr lip. 7400 M«wt 1C* umd 
itamp few ciUliig 


40 MM/ EAIOUENCV COUNTER KIT with mamory 

0001 aciiwary K.t cumptotv w.th 110V AC (Xu* <*> 


FERRITE BEADS: w/specification and application sheet 
10/$1 00 Assorted PC pots - 5/$1 00 Miniature mica trim 
mers, 3-40 pf 5/$1 00 Postpaid Includes latest catalog 
Stamp for catalog alone CPO Surplus. Box 189 Brain¬ 
tree MA 02184 

THE ••CADILLAC" o» OSL's* New' Samples $1 00 
(Refundable) - MAC S SHACK Box (H171-D; Garland 
Texas 75040 

FREE Catalog Solar Cells Nicads. Kits Calculators 
Digital Watch Modules. Ultrasonics Strobes LEDS 
Transistors. IC's Unique Components Chaney's. Box 
27038 Denver Colo 80227 

MODERN CODE PRACTICE. 0 22wpm on four 60 mm 
cassettes $10 Royal P O Box 2174 Sandusky Ohio 
44870 

TECH MANUALS for Govt surplus gear — $6 50 each 
SP 600JX URM-25D OS-BA/U TS 173/UR Thousands 
more available Send 50c (coin) for 22 page list W3IHD 
7218 Roanne Drive. Washington. DC 20021 

EXCLUSIVELY HAM TELETYPE 23rd year RTTY Journal 
articles news DX VHF. classified ads Sample 35« 
$3 50 per year 1155 Arden Drive. Encinitas. Calif 92024 

FIGHT TVI with the RSO Low Pass Filler For brochure 
write Taylor Communications Manufacturing Company. 
Box 126 Agincoud, Ontario. Canada MIS 3B4 

RUBBER STAMP. name/call/QTH $2 50 ppd (CA 
residents add lax) IWM Press Box 22161. San Diego. 
C A 92122 

TELETYPEWRITER PARTS, gears manuals supplies 
tape toroids SASE list Typetronics Box 8873. Ft 
Lauderdale FL 33310 Buy pads, late machines 

WHAT'S GNU WITH LaRue? Factory authorized dealer 
lor ICOM. Regency Standard. Cushcraft and CES 
Tough Tone pads Also stock Antenna Specialists 2 
meter 5/8 wave mobile antennas and Bomar 2-meter 
crystals for the above radios Mastercharge and 
BankAmencard accepted For the greatest deal call or 
write LaRue Electronics 111? Grandview St . Scranton. 
Pennsylvania 18509 (717)343 2124 

VERY in ter est ing 1 Next 4 issues $t Ham Trader 
Yellow Sheets " Sycamore tL 60178 


Coming Events 

FLINT MICHIGAN Greater Genesee Valley ARC swap 
& shop Sunday September It. 1977 8 to 4 pm at 
Southwestern High School in Flint Michigan Tickets 
are $1 00 in advance $1 50 at the door Large tables at 
reasonable price for sellers No Trunk Sales Talk-In on 
31/91 and 52 Simplex For advances tickets, table reser 
vation. and additional information, contact Jack Walters 
WA8UXN 1315 Butcher Road. Fenion Michigan 48430 


AtM 5% thw’H M/U o/ilev $10 00 Out of USA Crftifftl 
Char A of Won/* Offtf InrUtdr ixiitsfr 


HHE 0 I 1 B® 


2281H Babylon Tnpk . Mornck. NY 11466 
11161 378 4111 



with 


JAN QUARTZ CRYSTALS 

for 

• CB Synthesized • CB Standard 
• General Communications 

• Industry • Two-Meter 
• Monitor • Scanners 

• Marine VHF • Amateur Bands 


Dependable USA Mlg. tor 

• Frequency Control 

• Frequency Stability 

• High Performance 

Wnt9 or pf»0O9 for mo*9 d9t9iit S 9nrS 10* to* out isl9tl catalog 


JRN 


I I 


2400 Crystal Drive 

FI. Myers, Florida 33901 

all Phones (813) 936-2397 
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A Message from Art 
About AGL 







CALL US TODA Y TOLL FREE A T1-800-527-7418 

CALL 214-241-6414(in Texas) 

LARRY WA5WWH GORDON N5AU MIKE WA5UOB MIKE WB5ACM TOM K5TM BOB W5XC 

amx (AGL Electronics) n 

3068 FOREST LANE, SUITE 309 • DALLAS, TEXAS 75234 


More Details? CHECK OFF Page 126 















RF TRANSFORMER 



• New! Broadband antenna 
matching. 

• For all verticals and mo¬ 
bile whip antennas. 

• Smaller size and higher 
efficiency. Only 3V 2 ” 
diameter for full 5-Kw 
PEP capability. 

Here is the answer to the match¬ 
ing problem for vertical antennas 
and mobile whips. A broadband 
transformer that matches your 
50 ohm transmitter to 32, 28, 22, 
18, 12, 8, or 5 ohms. Plenty of 
taps to match any vertical or whip. 

And with no tuning or other ad¬ 
justment. The RF Transformer is 
completely broadband 1-30 MHz 
(1-10 MHz on three lowest taps). 
So when you change frequency 
within a band you need only re¬ 
tune the antenna to resonance; 
not fiddle with a matching net¬ 
work. 

Also, more power goes to your 
antenna. The RF Transformer is 
more efficient than a matching 
network or tuner—less than 0.1 
db loss. 

As always, when you buy Palomar 
Engineers you get the best: large 
ferrite toroid core, teflon insu¬ 
lated wire, sealed epoxy-encap¬ 
sulated weatherproof construc¬ 
tion, stainless steel mounting 
hardware, full 2000 watt CW 
(5-Kw PEP) capability. 

Send for free brochure. 

Improve your station. Simplify 
your tuneup. Get better results 
with the new Palomar Engineers 
RF Transformer. 

Order direct. $42.50 postpaid U S. 
and Canada. California residents 
add sales tax. 


PALOMAR 




BOX 455, ESCONDIDO, CA 92025 
Phone: (714) 747 3343 
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flea market 


MEMPHIS IS BEAUTIFUL IN OCTOBER! The Memphis 
ARRL-sponsored Hamfest, bigger and better than the 
4.500 who attended last year, will be held at State 
Technical Institute. Interstate 40 at Macon Road, on 
Saturday and Sunday October 1 and 2 Demonstrations, 
displays. MARS meetings, flea market, ladies flea 
market, too* Hospitality room. Informal dinners. XYL 
entertainment, many outstanding prizes Dealers and 
Distributors welcome Contact Harry Simpson W4SCF. 
PO Box 27015. Memphis. TN 38127 for furlher infor¬ 
mation _ 

BETTER THAN EVER - 1977 EDITION Golden Spread 
Hamfest and Flea Market Holiday Inn West Amarillo. 
Texas Aug 12. 13 & 14 Six big tech sessions Commer¬ 
cial exhibits Family recreation Two Hospitality Hours 
Big pre-registration prize and super Grand Prize, others 
S3 00 advance. S4 00 at door For Info pre-registration 
packet. P O Box 10221. Amarillo. Texas 79106 

THE LaPORTE COUNTY Summer Electronic Swapfest 
will be on Sunday, August 28th at the County 
Fairgrounds In LaPorle. Indiana. 50 miles Southeast of 
Chicago Paved Midway and Indoor booths available at 
no charge Good food and cold drink available Talk-in on 
37-97. 01-61. or 52 simplex Tickets $2 00 at the gate. In¬ 
formation from P O Box 30. LaPorle. IN 46350 

MELBOURNE. FLORIDA. SEPTEMBER 10-11. The 12th 
Annual Melbourne Hamfest will be held Saturday and 
Sunday, from 9am to 5 p m each day in the aircondi- 
tioned Melbourne Civic Auditorium located on Hibiscus 
Boulevard. Donation is $2 50 per person Full program In¬ 
cludes forums, meetings, auction, swap tables, commer¬ 
cial exhibits, awards, prizes, etc Contact K4HPT. 2749 
Herford Road Melbourne. FL 32935 for swap table reser 
vations FCC exams on Saturday, donation not needed 
for exams Form 610 must be filed with FCC. Room 919. 
51 SW. First Avenue. Miami. FL 33130. not later than 
August 31. 1977 Hamfest talk-in on 25/85 and 52/52 
Sponsored by Platinum Coast Amateur Radio Society. 
For more info write P O Box 1004. Melbourne. FL 32901 

MONTREAL HAMFEST *77 August 6 & 7. 9 AM to 6 PM 
St Lambert Arena 

BARC International Field Day. Burlington. VT August 
13-14 at the Old Lantern (same location as last year) 
Starts at 7AM Saturday and closes 5PM Sunday This 
year's hamfest is dedicated to the memory of K1URQ 
Camping at site, flea market both days, early bird 
registration $3.00 ($3 50 at door) Talk-in on 01-61 Write 
Burlington Amateur Radio Club. PO Box 312. Bur¬ 
lington. VT 05401 for information and advance tickets 

FLORIDA: The BOLD CITY HAMFEST sponsored by the 
Jacksonville Range Association will be held at the 
Jacksonville Beach Auditorium AUGUST 6-7 Vacation 
at our Hamfest - FLORIDA'S FRIENDLIEST' Visit 
our special 'SOLAR’ and QRPp' forums Send request 
for information and tables to HAMFEST COOR 
DINATOR, Jacksonville Range Association. PO BOX 
10623. Jacksonville. FL 32207 For Motel reservations 
call RAM ADA INN toll free 1*0G22fr2828 

MICROCOMPUTER INTERFACING Workshop. 
September 15. 16. 17. 1977 A three-day workshop based 
on the popular 8080 microprocessor Over 20 operating 
8080 computers are available for participant use This 
session will be held at the VPI & SU Extension Center in 
Reston. VA (Dulles Airport) For more information con¬ 
tact Dr Norris Bell, V P I and S U . Blacksburg. Virginia 
24061.(703)951*328 

DIGITAL ELECTRONICS for Automation Workshop. 
September 13. 14. 1977 A two-day workshop based on 
the small scale and medium scale TTL integraded cir¬ 
cuits Many hours of laboratory time with indepth lec¬ 
tures This session will be held at the VPI & SU Exten¬ 
sion Center in Reston. Va. (Dulles Airport) For more In¬ 
formation contact Dr Norris Bell. V P I and S.U . 
Blacksburg. Virginia 24061. (703)951-6328 

HAMFESTERS 43rd Annual Picnic and Hamfest Sunday 
August 14 1977. Santa Fe Park, 91st and Wolf Road. 
Willow Springs. Illinois. Southwest of Chicago Exhibits 
for OM's and XYL’s. Famous Swappers Row. Tickets at 
gate $2 00, advance $150 For advance tickets send 
check or money order to Bob Hayes W9KXW, 18931 
Cedar Ave . Country Club Hills. Ill 60477 

SARA HAMFEST Desoto. Illinois. August 22. 1977 
Prizes, food, auction, no charge for flea merchants write: 
Nick Koeningstein. 2009 Gray Dr. Carbondaie. Ill 62901 

SOUTH DAKOTA. Signal Hill ARC of the Northern 
Black Hills area Ham Flea Market 10:00 AM to 6 00 PM 
August 20. 1977 at the South Sturgis Church of Christ. 
Sturgis. South Dakota Talk-In on 52/52 For furlher in¬ 
formation contact Dennis Painter WB9FYG , Box 759. 
Sturgis. South Dakota 57785 Phone 605-347 3087 


ROTOR PROTECTION 
WITH AUTOBRAK DELAY 


1 


Have you had rotator damage? Removed the 
rotator? Been off the air? Waited for parts? No 
more* AUTOBRAK is a complete conversion kit, 
including punched and finished cabinet for all 
HAM-M series 1, 2, anti 3, rotator control units. 
AUTOBRAK reduces the inherent problem of 
damaged rotator components due to instant brake 
engagement. AUTOBRAK allows the antenna 
array to come to a coasting stop before brake 
engagement, thereby reducing stress on rotator 
components. 

Other features include Zener regulated meter 
circuitry, adiustable brake delay, and handsome 
up-to-date styling compatible to most Ham gear. 
Cabinet measures 6" X 7%’* X 7V4** and is finished 
in two-tone gray. 

Price $39.95 Shipping and handling $1.75 in 
U.S. Illinois residents add 5% sales tax. 


Kampp Electronics Inc. 
Box 43, Wheaton, IL 60187 
312-665-3556 


TEST EQUIPMENT 

All equipment listed is operational and un 
conditionally guaranteed Money back if not 
satisfied equipment being returned must be 
shipped prepaid Include check or money order 
with order Prices include UPS or motor freight 


charges 

BOON TON 190 A Q mtr 30 200mHz 5425 
BOONTON 202E AM FM sig gen 
54 2l4mHz 425 

DEI T DU 4 30mHz video display 55 

GR100IA LF siggen5kHz 50mHz 385 
HP100ER Freq stand 05parts/mil 
Outputs 10.100Hz, 1.100.100kHz 155 

HP160BIUSM105) ISmHz scope with 
reg honz, dual trace vert plugs 375 
HP144BtMil)Delay sweep lor above 130 
HPI70A(USMI40) 30mHz scope with 
reg horiz, dual trace vert plugs 475 
HPI75A SOmHz scope with reg 
horiz, dual trace vert plugs 545 

HPI85A Sampling scope to I gHz 

I84B xslr rise lime plug 585 

HP202B LF Osc 5Hz 50kHz lOv out 75 
HP205AG Lab audio gen 07 20kHz 195 
HP2I2A Pulse gen 04 SkHzPRR 45 

HP574D Freg counter basic range 
10Hz lOmHz extends w/plug ins 195 
HP540B Trans osc to 17 4qH; tor 
use W/HP524 tyoe counters .... 145 
HP4t4 Sig gen I 8 4gHz FM CW 345 

HP484 Sweep gen 8 2 17 4qHz sweep 
range 4 4mHz 4 4gHz 495 

HP803A VHF Ant bridge 50 500mHz 135 
SOLITRON 700A SCR tester - all 
functions w/scope output 135 

Tekl8l Time mark scopecalib 55 

Tekl90 Sig gentconsl ampl) SOmHz 175 
Tek534 IlmHz X Y scope uses 
two letter series plug ins 295 

Tek545 Dual beam lOmHz scope 
less plug ins (3 series) 425 

TS505 Std VTVM (rt 500mHz) 45 

For complete list of all test equipment 


send stamped, sell addressed envelope 

GRAY Electronics 

P.O.Box 941, Monroe, Mich. 48161 

Specializing m used test equipment 
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' 7400N TTLHi 

Ufl 77/7 


5N7470N « 

SK/477H 39 

58 747* 17 

SA7474M v 

SMMma' so 

smmwi r 

SA7479M 5 00 
$*74*08 50 

‘M/4C7* « 

SM7493N U 

S*74*$fc M 

SN7400N « 

SN74MN 3 50 


J7 SM7497N 4 00 

47 SA741O0N I 00 

71 SN74107H N 

31 SN74I7IN n 

V 5474177*1 1# 

77 S474l?m 50 

75 SN74175* 00 

15 5A74176M « 

M SA74137N 1 W 

50 SN74116M 05 

75 $4741414 I 15 

75 54741474 4 00 

75 $4741414 4 50 

•1 $4741444 4 50 

4* 54741454 1 15 

7» $4741474 I » 

79 $4741404 7 00 

77 $4741504 100 

77 S4741514 71 

70 547415M 09 

MANY OTHIRS AVAILABLE 04 
" court lor 100 ComPtfM 


$4741544 
54741 $54 
$4741504 
$4741574 
54 741604 
$4741014 
S474IU4 
$4741044 
S474I054 
54 741604 
S4 741670 
S4 741704 
$4741774 
S47417J4 
$4741744 
S4741754 
$4741704 
$4741774 
$4741104 
54741*14 
$4741074 
$4741044 
$4741054 
SN74IMM 
S474II74 
$4741*04 
54741904 
$4741914 
54 741974 
$4741914 
$4741944 
$4741954 
54741964 
54 741974 
54 7419M 
84741994 
$4747004 
$4747794 
$4747514 
$4747944 
54747654 
547(5974 
REQUEST 


I 


|> 9 MWI in 95 
■ ■ Vhim $34 851 


rimeband 

— Watches — 

Men s & Ladies 

• Solid Slate 

• Displays hour, minute, 
second, monlh & day 

• Snap-out battery 
replacement 

• Free set ol replacement 
batteries 

• Choose LED or LCD 
styles 

• One year factory 
warranty 


tcui snwi 

tum »<«; 


WIRE WRAP CENTER 


_ HOBBY-WRAP TOOL-BW-630 

• Batlery Operated (Stfe C) 

• Weighs ONLY it Ounces 

• Wraps 30 AWG Wire ontc 
Stjndaid DIP Sockets ( 025 mch) 

* nr Complete with buift m tut and sleeve 

$34.95 


I nn wm» m\*m 134 9$ 
I 1)16 IMm ■ »v»* Mf 86 


WIRE-WRAP KIT — WK-2-W 

WRAP • STRIP • UNWRAP j 

• Tool tor 30 AWG Wire 

• Roll ot SO Ft White 01 Blue 30 AWG Wire 

• SO pcs each t 2 3 & * lengths — 
pie stripped wire 

$11.95 


It 


CHANNEL Jj - 

^ 8 * $ 159.95 


mo kwto nvw 

• freeze Acton • Speed Option 

• Automatic tune and scorekeepmg 

• Battery tree AC operation 

• Dual controls with 8-way acton 

■ Built in Pro Hockey and Tennis games 

• Easy hook up on any B/W or Color TV 

• factory warranty 


Channel F — additional cartridges — $19.95 ea. 

#8112 Desert fo» Shooting Gallery #8113 Bladgack 1 1 or 2 players) 

#8114 Spitfire il or ? players! #8115 Space War 

#8111 Tic Tk Toe Shooting GalteryDoodie/Ouadra Doodle 


* ^ WIRE WRAP TOOL WSU-30 

_. WRAP a STWP 4 UNWRAP 15J5 

WIRE WRAP WIRE —30 AWG 

2511 mm $1 25 50ft SI 95 10011 *2 95 1000h*15 00 
SPECIFY COLOR White Yellow Red Green Blue BUc» 


Plastic Push Button Switch 

^l • II AWG Join Wirt • %" lent 

A * SO (*•«•) X 60 (blfk) H 77 ThraaO 

* • AMP @ 14 Veit 1 AMP @ 18 Volt 



J 188 1 

Push On-Push Oh 

19 

» 

10 up 

49 

J188 2 

Normally Open 

H 

49 

J 188 3 

Normally Closed 

w 

49 

DIP SWITCHES 




-- SPSi suae Aenoe 

#706 4 I 6 pn dipt 4 iwdch uM SI 75 9 

#206 7 (14 pai dipt 7 switch i#t4 St K a 

'#706 8 (16 pn dipt 8 switch un* W » * 


TV GAME CHIP SET — SI4.95 

Includes AY-3-8500 1 chip and 2 010 mtu crystal — 
it purchased separately would cost *18 95 


ZENERS - DIODES - RECTIFIERS 

4 vom w nua tyh vom w ewa 

146 )) *»» 4 1 00 144005 600 PIV • AM** 10 I OH 


• » Ml a Common Cathode a Dip Package 

• 3 to 5 volts @5 mils per segment 

• 7 segment Monolithic • Red Display 


60 MV I AMP 
lOOHV • AM? 
700 HY • AMP 


50*TV B44H* 

tooerv am 1 
tsoprv M AMI 
700 HV 15 amp 
too Pu 15 AMI 


SCR AND FW BRIDGE RECTIFIERS 

CJ80 IV* |» 400V sen 

CJ9M ISA » 789V SCA 

74717a 1 4* <£■ 700V 

MUAvaul 17 A o» SOV 04 941001 Alt 

MO* veo 1 t?Aat topv IW9AOUNR 



CORNER 


LM7464 19 

LM1J014 90 

IM1J044 I 19 

LM1»54 1 40 

LM13074 95 

LMI1104 7 95 



1021 A H0WAR0 
PHONE ORDERS 

Ail AAvar 


AVE SAN CARLOS CA 94070 
WELCOME - (415) 592 8097 

Uta* Prtca* Good Thru Auputl 


OOC CAPAOTOAS 

19 10 49 50 100 1 9 «0 4l 

OB 04 Ol 00 05 0* 

05 04 «1 00474.1 05 04 

05 04 01 ovr Oft 04 

05 04 Ol Q??»r « 05 

» 04 CD 047 M r 09 05 

» 04 (05 VI 1? 09 

19* VOL I WTLAA *4*1 CAPACITOAS 
IJ 10 07 B77W 11 11 

17 ro or o*7iw pi i; 

17 10 07 in* 77 73 

17 10 07 7?"* 33 77 

.795. WHO i ami mums txauoi capaotom 

79 73 17 1S5SV 30 79 

79 73 1» J77SV II 77 

79 73 17 1375V 31 77 

79 73 17 4 7.75V 1? 79 

79 73 17 9 975V 39 II 

71 73 17 10 75V 40 IS 

79 73 17 IS7SV 93 50 

■UUATUM AlUMWUM lUCinOLTtlC CAPAOTOA9 
AMI l»*4 Aa*MI Laa* 

IS 13 10 4775V 15 U 

19 14 II 47.50V U 14 

IS 13 10 1038V IS 13 

19 14 17 10.75V IS 14 

IS tl 10 1 050V 19 14 

19 14 17 4 719V IS 1) 

17 IS 17 4 7.75V IS 11 

74 70 19 4 7 50V '9 14 

If 17 IS 10'19V 14 17 

75 71 19 10 75V 15 13 

74 70 19 1050V 19 14 

)S 30 79 47 50V 74 71 

V 79 75 10O16V 19 15 

45 41 19 10075V 74 TO 

33 79 77 100 50V 35 30 

56 50 45 77CV19V 73 17 

70 67 55 470 75V It 29 
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TOROID CORES 



\7 All the popular sizes and mixes. 

V Fast Service. Same day shipment 
, via first class mail or air. 

V No minimum order. 

IRON POWDER TOROIDS: 



MIX 2 

u - 10 

MIX 6 

10 90 
MHr 

u-8.5 

MIX 12 

Rs* 

u * 4 

s ifo E 

fm.T 

120 



2 00 

135 



1 06 

55 

45 


80 

57 

47 

21 

68 

51 

40 

18 

50 

34 

27 

12 

25 



FERRITE TOROIDS: 


MIX Q1 
u“ 125 

MIX 02 
u - 40 

1 70 

10-150 

MHi 

MH/ 

1300 

400 

900 

300 

600 

190 

500 

190 

400 

140 

190 

60 


Chart shows uH per 100 turns. 

FERRITE BEADS: 


FT 


$2.00 DOZEN 

WIDE BAND CHOKES^ 


95* EACH 


TO ORDER: Specify both core size 
and mix for toroids. Packing and 
shipping 50 cents per order USA and 
Canada. Californians add 6% sales 
tax. 

East service. Free brochure and 
winding chart on request. 



flGCI morkst I Armchair Copy 
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NEW ORLEANS HAMFEST/COMPUTERFEST at the 

Hilton Inn in Kenner. LA September 24 & 25 Information 
on tickets, room reservations and etc will be furnished 
upon request by contacting the New Orleans 
Hamfest/Computerlest. PO Bo* 10111. Jefferson. LA 
70181 

ALL SAINTS AMATEUR RA0IO GROUP invites you to 
Hamfest ’77 in Saint Andrews By-The-Sea at the Algon¬ 
quin Hotel. September 2. 3. & 4 St Andrews. New 
Brunswick is a very popular resort area on the border 
between Maine and New Brunswick with many attrac 
tions for the whole family We have been fortunate to ob¬ 
tain the famous Algonquin Hotel for our Hamfest head 
quarters Full info from Barb Sheppard, secretary. RR 
325-8. Rothesay NB Canada EOG 2WO 

WARREN. OHIO. HAMFEST - August 21. 1977 Moved 
again' Trumbull K S U Branch Campus on Route 45 at 
Warren Outerbelt Best site In our 20 years Bigger flea 
market; all close-tn parking; parks & lakes nearby 
Displays, talk-in; $2 door prize registration Arrowsigns 
lead from 180. 190. Ohio 5; 11. 45 Details? QSL 
Hamfest. Box 809. Warren. Ohio 44483 

LAFAYETTE. INDIANA HAMFEST Sunday, August 21. 
1977 at Tippecanoe County Fairgrounds located at 18 th 
St & Teal Rd . (Indiana Highway) in Lafayette 55 miles 
northwest of Indianapolis off 165 Send check or money 
order with SASE to WA98ZDI Bill Bayley. 1021 Beck La . 
Lafayette. IN 47905 for tickets by mail 

“GREATER LOUISVILLE HAMFEST is Sunday Sept 25 
1977 at Kentucky State Fairgrounds with exits off either 
1-65 or 1-264 Indoor exhibitors area and Flea Market air 
conditioned Also an outdoor flea market Ladies Bingo. 
Meetings and Forums, refreshments available Admis¬ 
sion is $200 adults 12 and under free Flea market 
venders pay admission price plus $2 00 per space indoor 
or $1 00 per space outdoor For more info or motel/camp¬ 
ing contact Denny Schnurr. K4GOU 2415 Concord Dr. 
Louisville. Ky 40217(502-634-0619)' 

35TH ANNUAL FINDLAY HAMFEST. Riverside Park. 
Findlay. Ohio September 11 Advance tickets are $1 50 
and $1 00 at the gate For tickets and additional informa¬ 
tion send SASE to Clark Foltz. W8UN, 122 W Hobart. 
Findlay. Ohio 45840 _ 

THE OLD PUEBLO RADIO CLUB (W7GV) of Tucson. 
Arizona will conduct a world wide contest over Labor 
Day weekend 1977 Permission has been granted for the 
club to operate from the South Rim of the Grand Canyon 
on September 2. 3. and 4. 1977 The 80. 40. 20. and 15- 
meter bands — SSB and CW — will be used For addi¬ 
tional information, contact Ian W Thomson. W7BON, 
PO Box 6497. Tucson. AZ85733 

HAMFEST Zero-Beaters ARC Sunday, August 7. 1977. 
Washington. MO City Park — 10 AM Write Box 24. Out- 
zow MO 63342 Flea Market, Army Mars Meeting. Prizes. 
Bingo. Cake Walk. Candy Scramble, fun for whole family 

L'ANSE CREUSE ARC Swap and Shop. Sunday 
September 18. 1977 9 am to 3 pm. at the L'Anse Creuse 
High School Mt Clemens. Michigan Tickets $1 00 in ad 
vance. $1 50 at the door Talk-in 146 52, 146 94 Tickets 
and Information from Harold Price. WB8QFR, 32111 
Harper St . Clair Shores. Mich 48082 

SANGAMON VALLEY Radio Club Second Annual 
Hamfest on Sunday. September 25th. at the Sangamon 
County Fairgrounds. New Berlin. Illinois. 16 miles west 
of Springfield Indoor display area and covered pavilion 
Exhibits, food and ladies activities Overnlte camping! 
Tickets $1 advance $1 50 at gate First Prize — Wilson 
HT Talk-in 146 28/88 and 52 MHz Information WB9 
QWR. Carole Churchill 622 Magnolia Rochester. IL 
62626 

CINCINNATI HAMFEST: 41st Annual — Sunday 
September 18. 1977 at the improved Strieker's Grove on 
State Route 128. one mile west of Ross (Venice) Ohio 
Flea Market Contests. Model Aircraft Flying. Food and 
Beverages all day Advance Ticket Sales $7 50 — Tickets 
at the Gate $8 00 — covers everything For further in¬ 
formation: Lillian Abbott K8CKI. 1424 Mam Street. Cin¬ 
cinnati Ohio 45210 

THE GRAND RAPIDS Amateur Radio Club will hold its 
annual Swap-N Shop Saturday, September 17 from 8 
am to 4 p m at the Hudsonville Fairgrounds in Hud- 
sonville. Michigan. 12 miles southwest of Grand Rapids 
on M 21 Talk-in on 146 52 and 16/ 76 $2 donation at the 
gate with plenty of refreshments and free tables 
available 

MT BEACON Amateur Radio Club 4th Annual Hamfest 
Saturday. August 6th. 9 AM to 5 PM at Stewart Field. 
Newburgh. N Y . Inside Hanger Flea Market & Auction 
Talk-in on 37/07 and 16/76 Ram or shine Plenty of free 
parking Admission. $1. Tailgating, $1 under 12 free 



Barlow XCR 30 


Shortwave Listening 

Our ONLY occupation is 
supplying everything you 
need to tune the mediumwave 
and shortwave bands—and 
identify what you hear Our 
NtW mini-catalog details 
Barlow Wadley, Drake and 
Yaesu receivers, WORLD 
RADIO TV HANDBOOK, logs, 
receiving antennas & tuners, 
calibrators, IM or TV guides, 
AM pattern maps, QSL 
albums, ITU publications, 

RTTY displays, CONFIDEN¬ 
TIAL I RFQUENCY LIST, 
clocks and all SWL books 

GILFER ASSOCIATES, INC 

P.O. Box 239. Park Ridge, NJ 07656 


See our HAM MART 

listings to find the 
Amateur Radio 
dealers nearest you. 
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GREENE center Insulator BALUN 

.*1 

“Why not the very best 

k> 

lor you”! 


Price $16 ppd USA brochure sase 

H 

GREENE INSULATOR 


44 Ministerial Branch. Bedford. 

II 

N H 03102 


- PCB - PCB - PCB — PCB - PCB - PCB - 

2 . ,oj, rr ETCH-IT-YOURSELF 3 

L 1 Printed Circuit -» 

f Kit : 




NOW YOU CAN design and produce your 
own printed circuit boards. 

IT’S EASY. Photo positive method. No 
darkroom required. 

LESS THAN 2 HOURS to produce a p.c 
board direct from magazine article. 

KIT INCLUDES materials to make 4 p.c. 
boards direct from magazine article. 

Add $1 for COD. S.A.S.E. for details. « 

EXCEL CIRCUITS co. 1 

4412 Fernlee 313 5494)440 S 
i 1 Royal Oak. Ml 48073 to 

- PCB — PCB — PCB — PCB - PCB - PCB — 
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Pdnted Circuit Board 












NEW LSI TECHNOLOGY 

FREQUENCY COUNTER 


TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART COUNTER FEATURING THE 
MANY BENEFITS OF CUSTOM LSI CIRCUITRY. THIS NEW TECHNOLOGY APPROACH 
TO INSTRUMENTATION YIELDS ENHANCED PERFORMANCE, SMALLER PHYSICAL 
SIZE. DRASTICALLY REDUCED POWER CONSUMPTION [PORTABLE BATTERY 
OPERATION IS NOW PRACTICAL], DEPENDABILITY. EASY ASSEMBLY AND 
REVOLUTIONARY LOWER PRICING! 


SIZE: 

3” High 
6" Wide 
5 Vi” Deep 


1V 4 LBS. 
COLOR: 
BLACK 
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FACTORY DIRECT PRICES 



KIT#FC 50C 
KIT #PSL-350 
KIT #PSL-650 
MODEL #FC-50WT 


. 60 MHZ COUNTER WITH CABINET & P S. $99.85 

350 MHZ PRESCALER |NOT SHOWN| 23.95 

650 MHZ PRESCALER |NOT SHOWN]. 29.95 

60 MHZ COUNTER WIREO. TESTEO & CAL. 165.95 


MODEL #FC-50/600WT 600 mhz counter wired, tested & cal . .. 199.9! 

KIT BFC-50CIS COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP-BY-STEP 
INSTRUCTIONS WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEED PRESCALERS 
WILL FIT INSIDE COUNTER CABINET 


FEATURES AND SPECIFICATIONS: 

DISPLAY 8 RED LED OIGITS 4" CHARACTER HEIGHT 
GATE TIMES I SECOND AND 1/10 SECOND 
|AUTO DEC PT PLACEMENT! 

RESOLUTION 1 HZ AT 1 SECOND 10 HZ AT 1/10 SECONO 
FREOUENCY RANGE 10 HZ TO 60 MHZ (65 MHZ TYPICAL] 
SENSITIVITY 10 MV RMS TO 50 MHZ 20 MV RMS TO 60 MHZ TYP 
INPUT IMPEDANCE 1 MEGOHM AND 20 PF 
|DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION | 
ACCURACY J, 1 PPM |* 0001 | . AFTER CALIBRATION TYPICAL 

STABILITY WITHIN 1 PPM PER HOUR AFTER WARM UP | 001 XTAL| 
1C PACKAGE COUNT 6 [ALL SOCKETED| 

INTERNAL POWER SUPPLY 5 2 V DC AT 800 MA REGULATED 
INPUT POWER REOUIRED 8-12 VDC OR 115 VAC AT 50/60 HZ 
POWER CONSUMPTION 4 WATTS 
INPUT CONNECTOR BNC TYPE 


SEE THE WORKS Clock Kit 
Clear Plexiglas Stan d 

ig 4“ digits [ ~1 


• 6 Big 4 digits 

• l 2 or 24 hr lime <■ 

•3 set switches 

• Plug transformer 
•aM,parts included 

Plexiglas is Jj 

Pre-cut & drilled 1 

Kil *850-4 CP | 

Si/e 6 H.4Vj "W.3 0 


S3 


>>/e 6"H.4 Vi"W,3"0 

•23“ 2/*45. 


HZ. 

XTAL TIME BASE 
Will enable 
Digital Clock Kits 
or Clock Calendar 
Kits tooperate 
from 12V DC 
1 *2 PC Board 
Power Req 5- 15V 
(2 5 MA TYP > 

Easy 3 wire hookup 
Accuracy ± 2PPM 
70-1 (Adjustable) 
Complete Kit 141 s 

ir SCal $9 95 


OIEIT LEO CLOCK CRLECIORR l(ir 

_ ORTE- miS-SllOOSE RLRSW $ WORE... m mi 


FOR THE BUILDER THAT WANTS THE BEST FEATURING 12OR 24 HOUR TIME - 

29-30-31 DAY CALENDAR ALARM SNOOZE AND AUX TIMER CIRCUITS 
Will alternate time (8 seconds! and date 12 seconds) or may be wired for time or date display only, 
with other functions on demand Has built-in oscillator for battery back-up A loud 24 hour alarm 
with a repeatable 10 minute snooze alarm, alarm set b timer set indicators. Includes 110 
VAC/60Hz power pack with cord and top quality components through-out 


SPECIAL PRICING! 

PRIME . HIGH SPEED RAM 

21L02-3 ** 

LOW POWER FACTORY FRESH 

1-24 $1.95ea 100-199 $1.60ea 

25-99 1.75 ea 200-499 1.45ea 

OVER 500 PCS. * 1.39 ea. 


JUMBO DIGIT CLOCK 

A complete Kil (less Cabinet) lealuring 
si* 5" digits, MM5314 1C 12/24 Hr 
time, PC Boards Transformer. Line 
Cord, Switches and all Paris. Ideal Fil 
in Cabinet II 

Kit #5314-5 •19 95 2/*38. 


KIT 7001B WITH 6 5 DIGITS $39! 

KIT 7001C WITH 4 6 DIGITS b 

2 3 DIGITS FOR SECONDS $42! 
KIT 7001X WITH 6 6 DIGITS $45 S 

KITS ARE COMPLETE (LESS CABINET) 


ALL 7001 KITS FIT CABINET I AND ACCEPT QUARTZ CRYSTAL TIME BASE KIT IT 


__ K®! 8 


, JUMBO DIGIT $095 pa 
CONVERSTION KIT H 
Convert small digit LED clock to large 
.5" displays Kit includes 6 - LED’s. 
Multiplex PC Board & Hook up Into. 
Kil #JD-1CC For Common Cathode 
Kil #JD-1 CA For Common Anode 


PRINTED CIRCUIT BOARDS tor Ct 7001 Kits Specify lot 7001 
sold separately with assembly info PC 8 oards are 
drilled Fiberglass, solder plated and screened 
with component layout 


AUTO BURGLAR 
ALARM KIT 

ANI AS* to ASSIMBlt ANOIA5* tOlNStAll , 
AlAMM P**0»r0***0 MAN* *lAt|jM»S NOT* 
NOMMAll* #0U*0 MritU AlANM HAS 
MNOVlSOM rOM POS S QMOUNOlNG 
vwttCHis or* mnso*s wui run " 0 «*> 

N|( A* At 1M/ #At» OM oeivl SiHIN AIT 
PNOVlCHS MMOGMAMMABli TlMI OflA*S 
ton til* INI"* S AlAMM "t"*00 UMlt 
MOUN1S UMOIM OASM "I MOH SWItCM 
CAN II MOUNliD WMlMt MS«»0 CMOS 
Ml l lASllltf MtSiSIS IAIS1 AlAMMS I 
MMOVlOIS ION U1 TMA OtMtNOABlf AlAMM 
OONOt Al ’OCHtOB* IOW MMKTIS- TMiSlS A 
lOPOUAllT* COMMlIU Alt WltHAll PAMTS 
IMClllOlNG OlfAltIO JMAWWGS AND IN 
STMUCTCMS OM AVAil AMl I WlMIO ANO 

ttsuo 


& 

KIT #ALR-1 
$9.95 
#ALR-1WT 
WIRED & 
TESTED 

$19.95 


B. Cor X $795 


VARIABLE REGULATED 
1 AMP 

POWER SUPPLY KIT 

• VARIABLE FROM 4 lo 14V 

• SHORT CIRCUIT PROOF 

• /23 1C REGULATOR 

• 2N1055 PASS TRANSISTOR 

• CURRENT LIMITING AT 1 Amp 
KIT IS COMPLETE INCLUDING 
ORILLED 4 SOLDER PlATEO 
FIBERGLASS PC BOARD AND 
All PARTS (Lass TRANS 
FORMER) KIT4PS-01 SB »5 


— 


ITIOSII.S LEO CLOC 

r 


DIGITS I 


MODEL 

#2001 


12 VOLT AC or 
DC POWERED 


• 6 JUMBO 4" RED LED'S BEHINO RED FILTER LENS WITH CHROME RIM 

• SET TIME FROM FRONT VIA HIDDEN SWITCHES • 12/24 Hi TIME FORMAT 

• STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP PLASTIC 

• BRIDGE POWER INPUT CIRCUITRY - TWO WIRE NO POLARITY HOOK-UP 
!• OPTIONAL CONNECTION TO BLANK DISPLAY |Use When Key Oil in Car. Etc i 

• TOP QUALITY PC BOARDS & COMPONENTS INSTRUCTIONS 

• MOUNTING BRACKET INCLUDEO 

KIT B2001 BOAQC t r*o . _ __ _ 115 VAC 4 ACh 

COMPLEX L KIT $ 29 if MORE $ 27 95 Pommt P “ k ’ 2 EA 

ILeas 9V Battery! *A MORE ^# tA , AC .i "" 


COMPLETE KIT $0095 3 OR $< 

(Less 9V Battery| fcW IA MORE , 

ASSEMBLED UNITS WIRED 6 TESTED 
ORDER *2001 WT [LESS 9V BATTERY] 

Wired lor 12-Hr. Op. II not otherwise specified 


I-.QC " 5 VAC $050 

} /9b Power Pack v 
•" EA * AC-1 _ * 

$0095 • or $0795 

F A n.ORE FA 


OPTOELECTRONICS, INC. 


BOX 219 • HOLLYWOOD. FLA 33022 • (305) 921 2056 


luibuciii 


ORDER BY PHONE OR MAIL 
COD OROERS WELCOME 


STORE 823 S 21 AVEJ 

Wl PAY All SHIPPING IN CONTINI NTAl USA - OTHERS AOD S% 110% FOR AIRMAIL] 


Orders Under $15 Add SI 00 Hendlma 
Fla Res Please Add 4*» Sales Tea. 































BOOKS BY PHONE 

CALL TOLL FREE 

800-258-5353 

Almost all popular 
Amateur Radio Books 
available for immediate 
shipment. 

HAM RADIO 

GREENVILLE, NH 03048 


ICOM —Simply The Best! 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Itotor 
Postfach 2454 
D 7850 loerrach 
West Germany 

Ham Radio Belgium 
Stereohouse 
Brusselsestaenweg 416 
B9218Genl 
Belgium 

Ham Radio Canada 
Bon 114. Goderich 
Ontario. Canada N7A 3Y5 

Ham Radio Europe 
Bo* 444 

S 194 04 Upptands Vasby 
Sweden 

Ham Radio France 
Christiana Michel 
F-89117 Party 
France 

Ham Radio Germany 
Karin Ueber 
Post lech 2454 
D 7850 Loerrach 
West Germany 


Ham Radio Holland 
MRl Ectronlcs 
Postbus 88 
NL 2204 OeHt 
Holland 


Ham Radio Italy 
STE Via Maniago 1% 
I 201 34 Milano 
Italy 


Ham Radio Switzerland 
Kann Ueber 
Postlech 2454 
D 7850 Loerrach 
West Germany 


Ham Radio UK 
PO Bo* 63 Harrow 
Middies*. HA36HS 
England 


Holland Radio 
143Greenway 
Greenside Johannesburg 
Republic ol South Africa 


The ST-5000 from HAL 


More Details? CHECK-OFF Page 126 


The HAL ST-5000 sets the pace for an economical 
demodulator/keyer for radio-teletype (RTTY). All the fea¬ 
tures you need for reception and transmission of HF and 
VHF RTTY are here. 

The demodulator features a hard-limiting front end, 
active filter discriminator, and active detector circuitry for 
wide dynamic range. Autostart and motor control circuitry 
make for easy VHF and HF autostart operation. 

Convenient front panel switches are provided for 850 
and 170 Hz shift, normal or reverse sense, autostart orVoff, 
print - line or local, and power on/off. 425 Hz press 
transmissions may also be copied with the ST-5000. High 
voltage 60 ma. loop output as well as low level RS-232 
compatible output are provided by the demodulator. 

The audio keyer section of the ST-5000 generates 
stable, phase-coherent audio tones. Transmission is a 
simple matter of applying these tones to your HF SSB or 
VHF FM transmitter. 

The ST-5000 is housed in an attractive blue and beige 
cabinet and is backed by the HAL Communications one 
year warranty. 

For complete specs on the HAL ST-5000, write or call 

HAL today. $275.00 


hWL 

HAL Communications Corp., Box 365, 807 E. Green St. 
Urbana, Illinois 61801 • Telephone (217) 367-7373 
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More Economical RTTY 


*** PACKAGE DEALS *** 

*1. Buy an IC-245 at the regular price 

F and get the TOUCH TONE HAND- 
R SET FREE 

E IC-245 Ready to Go $499.00 

E 

*2. HANDSET ONLY $79.00 

Requires wiring accessory socket 
on IC-245 & IC-22S 


HANDSET with 
$299 00 
30 00 
$329 00 


43. TOUCH TOI 

IC-22S 
Handset 
You pay only 
Ready logo 


Immediate Delivery From Slock 

Write or call lor special prices on ICOM 
Gear without Touch Tone Handsets 

Add $5 00 for Base Recepticle 

801-533-0101 

24-hour Message Recorder 
801-486-7784 

UTAH FM SALES. INC. 

1588 MAJOR STREET 
SUITE #202 

SALT LAKE CITY. UTAH 84115 










COMPACT POWER! 



KLM 

ANTENNAS 


HF 

VHF 

UHF 


Excellent mechanical 
designs feature multiple 
driven elements and 
optimized spacing for 
wide band operation 
with low VSWR, clean 
patterns, maximum 
power gains. 


144 MHz. 

8 models: 
4,7,8,9.11,12.14,16 
element yagis. Also 
12 and 16 element circularly 
polarized types 


COMPACT 
POWER! 

Installation at 
K6KBE using all KLM 
components including 
6 meter beam. 144 and 432 MHz 
arrays. KR-400 and KR-500 rotators 


70 CM 


16 el. (optimized for 
432MHz) 27el.(420-450MHz) 
both 12' booms Also 6 
element, rear mountable 
(420-470MHZ) and 14 el. for 
center or end mounting, 
horizontal or vertical 
polarization (420-470MHz) 


4 models: 

One of the most versatile senes available 
Included are rear mount types that can be 
arranged for either honzontal or vertical 
polarization A16 element tong boom type 
(optimized for 432MHz, r 2 MHz), really 
pours out the power! Four or eight are 
often stacked for EME or DX using effi¬ 
cient KLM couplers. 


A broad-band antenna to meet every need; each with contest 
winning gain and flat VSWR across the entire amateur band. 
For serious moon bounce (EME) and tropho work, "stack" 
’em, using available KLM batons and couplers. Built 
lough . with weather resistant 6063-T832 alumi¬ 
num. stainless steel hardware. 


50 MHz • 3 models: 

5.8 and 11 elements. 



All three antennas 
are L/P types. 

Each exhibits broad band charac¬ 
teristics (50-51 or 50-52 MHz) and 
low VSWR without tuning Beams 
are durably constructed with 
6063-T832 aluminum stainless 
steel hardware, low toss insulation. 


ANTENNA COUPLERS/POWER DIVIDERS 

Several broad band models are available for stacking VHF or UHF beams. 
These replace two. quarter wave matching cables, barrels and "T“ needed to 
interconnect two or four antennas Phasing and match to 50 ohm line is 
automatic. Will handle 2KW p e p. with ease 


STACKING FRAMES. 

"H" frames suitable for antenna stacking are available on special order See 
top photograph for a typical installation. 


ELEVATION ROTATOR 
KR-500 



Provides 180 boom rotation 
Heavy duty (used on array it- 
lustrated) Rotation. 180/1 
mm Motor disc brake holds 
to 1750 inch/pounds Holds 
booms 1 25 to 1 625“0 masts 
to 1 5-2 5 D Weather resist¬ 
ant Attractive direction indi¬ 
cator 115VAC 


AZIMUTH 

ROTATOR 


KR-400 




Medium duly, supports 400 
lbs Ideal lor long boomers. HF 
tri-banders, used in array 
shown Motor disc brake holds 
to 1750 inch-pounds Has limit 
switches Relation. 360 1 min 
Accommodates 1 5-2 5 0 
masts Direction indicator 
115VAC 50/60 Hz 


HEAVY-DUTY 

ROTATOR 

HD-1500 



Use tor high 
torque, heavy 
systems 


Also 3.5, 7,14, 21, 28 MHz ham antennas and a full 
line of commercial log-periodic types. 


KLM 


At your dealer Write tor catalog 


electronics, inc. 

17025 Laurel Road. Morgan Hill, CA 95037 (408) 779-7363 
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LUNAR 

proudly announces a NEW 2-Meter AMPLIFIER/PREAMPLIFIER 

the 2M10 80P 

The Marriage Between Power Amplifiers and Receiving Preamplifiers is Finally Consummated! Lunar 
Offers an SCS 2M10-80L Power Amp and an "Anglelinear" 144W Preamp in a Single, Functionally- 
Designed Package that Combines Two Superior Products Into One! 

Features: 

♦ Ten watts input — eighty watts output 

♦ Harmonic reduction exceeds -60 dB to meet FCC R&O 
20777 Specifications 

♦ Variable T-R Delay for CW/SSB 

♦ Functionally-Designed Extrusion Includes Mounting Lip 

♦ Preamplifier Selectable Independently of Power Amplifier 

♦ Automatic T-R Switching of Amp & Preamp 

♦ Preamp gain: Nominally 11 dB 
Noise Figure: Nominally 2.5 dB 
(Including Relay Losses) 

♦ Remote Control Head Available Separately 





Introductory Price: 


. . .. Lunar Model 2M10-80P 

Please add $3.00 shipping and handling 


$189.95 


Also From Lunar: 

Available Now: Complete Line of Separate Preamplifiers [ ju / m 

50-450 MHz |l(°l 

Coming Soon: Complete Line ot 50-450 MHz Amp/Preamp ' J V tstrj ' ' I 

Combinations ,,y\Lrjr ■ 

Proamps Through 2.5 GHz ■■■■■ V» f r fl l 

Transverter Systems 50 MHz-2.5 GHz f | f) | 

Converters and Filters 28 MHz-2.5 GHz I “ I 

California residents add 6%. Order today at your dealer or direct from: 


"L#M4R 

V' ■ • P O BOX 82 

ctronfcsE? 


P O BOX 82183 
SAN DIEGO CA 92138 
714 222 9518 

Louis N Anoaux WB6NMT 


STEP UP TO TELREX 

WITH A 

TELREX "BALUN" FED—"INVERTED-VEE" KIT 
THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW FREQUENCY 
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 





//// 


Telrex "Monarch” (Trapped) I.V. Kit 
Duo-Band /4 KWP I.V. Kit $63.50 
Post Paid Continental U.S. 


Optimum, full-size doublet performance, independent of ground conditions! "Balanced- 
Pattern", low radiation angle, high signal to noise, and signal to performance ratio! 
Minimal support costs, (existing tower, house, tree). A technician can resonate a 
Telrex "Inverted-Vee" to frequency within the hour! Minimal S/W/R is possible if 
installed and resonated to frequency as directed! Pattern primarily low-angle. Omni¬ 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 
Complete simplified installation and resonating to frequency instructions supplied with 
each kit. 


For technical data and prices on complete 
Telrex line, write for Catalog PL 7 (HRH) 


: mmmrtxg m 

we fA||*A! 
M - (Ufl Uj 


iiNiiHe Ftki si m ■•»$!• ••"17 i 



IF WE WERE YOU 



august 1977 


MODEL 6154 TERMALINER 

I'D BUY FROM US 

YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT ATTENTION 

AUTHORIZED 

Bii\Q DISTRIBUTOR 

WEBSTER COMMUNICATIONS 

115 BELLARMINE 
ROCHESTER, Ml 48063 
313-375-0420 


More Details? CHECK-OFF Page 126 
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NEW 

DIGITAL CLOCK 
with 

10 MINUTE 
TIMER 


6 digits — 12/24 hour 

Here's the kit everyone has been asking fori 
Never fail to identify your station again. And 
it's easy to use, |ust tap timer button to start, 9 minutes later the display mill flash on and 
off to alert you. Reset it by simply touching the timer button or it will reset itself 
automatically after two minutesl Other features are: jumbo .4" LED readouts, durable 
extended aluminum case available in 5 colors, plug transformer, Polaroid lens filter, time set 
buttons, finest quality PC boards and super instructions. You get all parts - no extras are 
needed, unlike some of the kludges our competitors offerl Colors available: gold, black, 
silver, bronze, blue (specify). Size: 4.25" x 1.5" x 1.5". 

Clock Kit with 10 min. timer, DC-10.$25.95 

Regular 12/24 hr clock kit.22.95 

Alarm clock, 12 hr only, DC-8.24.95 

Kits are also available fully assembled and tested, just add $10 to kit price. 


CAR CLOCK 

6 DIGIT 


12/24 HR 
$25.95 


• High accuracy (1 minute/month) 

• Big .4" LED display 

• Special circuit suppress all voltage 
spikes and transients 

• Same case as illustrated above 

• Display blanks with ignition off 

• Reverse polarity protected 

Complete Kit, DC-7.$25.95 

Assembled and calibrated . . . 35.95 


CALENDAR ALARM CLOCK 

6 Digit LED 12/24 Hour 


Has every feature one could ever ask for. Kit 
includes everything except case, build it into wall, 
station or even carl FEATURES: 

• 6 Digits, .5" High LED • 12/24 Hour Format 

• Calendar shows mo./day • Snooze button 

• True 24 Hour Alarm • 7001 chip does all 11 

• Battery back up with built in on chip time base 

Complete Kit, less case, DC-9.$34.95 


600 MHz 
PRESCALER 

Assembled and tested. Extend the range of 
your counter to 600 MHz. Works with all 
counters. Available in kit form for $44.95. 
Specify HO or H00 with order. 


WATT 


2 Meter 
Power Amp 


The famous RE class C power amp now 
available mail order? Four Watts in for 30 
Watts out, 2 in for 15 .out, 1 in for 8 out. 
Incredible value, complete with all parts, 
instructions and details on T R relay. Fully 
stable, output short proof, infinite VSWR 
protected! Case not included 
Complete Kit $22.95 


COMING SOON: VIDEO TERMINAL KIT 


SEND FOR DETAILS 
$149.95 


LED DISPLAYS 

• 

rND 359 
FND 510 
DL 707 
HP 7 730 
Had Polaroid F ill 


741 OP AMP SPECIAL 

Factory prim* mini dip with t 
Xerox and 741 part numbt 

10 for $2 00 


SOCKETS 1 

14 PIN 

S/$1 00 

16 PIN 

5/$1 00 

24 PIN 

2/$1 00 

40 PIN 

3/$2 00 


FERRITE BEADS I SOCKET KIT 


with into and ipec* 
15/SI 00 

6 hole Baiun Bead* 
5/$1 00 


.4" C.C. 

5" CA 
33" CA 
.27" CA 


8080A SI8.9b 

Factory Prime include* FREE socket' 


Assortment o' 1? 
most used 1C 
sockeis Good to 
have around the 
shop $1 95 


60 Hz XTAL TIME BASE 


«.?5" X I 125" 


121L02 1 SI .95 f«.i450 ns Low Power I • 


CHEAP CLOCK KIT 

DC-4 Features 

* 6 digit 4 LED 

• 12 or 24 format 


Doe* not 
include board 
or transformer 


PC Board 
$2.95 

Transformer 

$1 49 


Dealers 
Write for our 
wholesale price 
list. Hi M*D 


• Runs on 5 15 VDC 

• Low currant (2.5 mal 

• Operate clocks in 
car, boat, plane 

• ' minute /month accuracy 

Kit. TB 7 $5 50 

Assembled & Calibrated 


isiiis^ !l:;fii ti; a i 

P.O. Box 4072 Rochester NY 14610 
(716) 271 6487 


TELEPHONE ORDERS 
WE LCOME 


Satisfaction 
guaranteed or 
money re 
funded 
COO. add 
SI 00 Orders 
under S10.00 
add S 75 NV 
residents add 
7% taa. 


MINI-KITS 


* 


FM Wireless 
Mike Kit 
$2.95 


TTL 


LINEAR 


REGULATOR 

TRANSISTORS 


74SOO 

35 

555 

50 

309K 99 

NPN7N3904 type 

10/SI 00 

74S112 

75 

556 

75 

309H v 99 

PNP 2N3906 type 

10/SI 00 

7447 

79 

567 1 

l 75 

340K 1 ? T- 1 25 

NPN Power Tat. 40W 

3/SI 00 

7473 

35 

1458 

50 

7805 O* 99 

PNP Power Tab 40W 

3/SI 00 

7475 

50 

LED DRIVER 

181Z £' 99 

FET MPF 102 type 

3/S2 00 

7490A 

55 

75491 

50 

7815 ^ 99 

UJT 2N2646 lype 

3/S2 00 

74143 

3 50 

75492 

50 

7818 99 

2N3065 NPN Power 

75 

DIOOES 

1KVJ7 5A 

5/SI 00 

100V,1A 

10/SI 00 

1N914A type 50/S? 00 


Transmit up to 
300’ to any FM 
broadcast radio. 
Sensitive mike input requires crystal 
ceramic or dynamic mike. Runs on 3 to 
9 V. 


TONE DECODER KIT 

A complete tone decoder on a single PC 
Board Features: 400-5000 Hz adjustable 
frequency range, voltage regulation, 567 1C. 
Useful for touch-tone decoding, tone burst 
detection, FSK demod, signaling, and many 
other uses. Use 7 for 12 button touchtone 
decoding. Runs on 5 to 12 volts. 

Complete Kit. TD-1.S4.95 


LED BLINKY KIT 

A great attention getter which alter¬ 
nately flashes 2 Jumbo LEDs. Use for 
name badges, buttons, or warning type 
panel lights. Runs on 3 to 9 volts. 
Complete Kit $2.95 


SUPER-SNOOP AMPLIFIER 

A super-sensitive amplifier which will pick 
up a pin drop at 15 feet! Great for 
monitoring baby's room or as a general 
purpose test amplifier. Full 2 watts of 
output, runs on 6 to 12 volts, uses any type 
of mike. Requires 8-45 ohm speaker. 
Complete Kit, BN 9.$4.95 


MUSIC LIGHTS KIT 

See music come alive! 3 different lights 
flicker with music or voice. One light for 
lows, one for the mid-range and one for the 
highs. Each channel individually adjustable, 
and drives up to. 300 watts. Great for 
parties, band music, nite clubs and more. 
Complete Kit, ML 1.$7.95 


SIREN KIT 

Produces upward and downward wail char 
acteristic of police siren. 5 Watts audio 
output, runs on 3-9 volts, uses 8-45 ohm 
speaker. 

Complete Kit, SM-3.$2.95 


CODE OSCILLATOR KIT 

Powerful 1 watt audio oscillator of approx. 
1 kHz. good for many uses. Great for 
warning alarm, battery checker, voltage indi 
cator and code oscillator. 

Complete Kit, CPO-1.$2.50 


POWER SUPPLY KIT 

Complete triple regulated power supply 
provides variable ±15 volts at 200 mA and 
+5 volts at 1 Amp 50 mV load regulation 
good filtering and small size Kit less trans¬ 
formers. Requires 6 8 V at 1 Amp and 18 to 
30 VCT. 

Complete Kit, PS-3LT.$6.95 


DECADE COUNTER 

PARTS KIT 

INCLUDES • 7490A decade counter 

• 7475 latch 

$3 50 * 7447 LEDdtrver 

• LED readout 

• Current limit resistors 

Complete with instruction and details on 
how to build an easy, low cost freq. 1 
counter. R8 


More Details’ CHECK - OFF Page 126 
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TRANSFORMERS 

American made, 115V Primaries: / / 

6.3V, 1 Amp, Shielded 51.80 ea. 

12V, 250 mils, (or P. C. Board. $1.66 ea 
12 volt 'A amp. $2.05 

12V 1.2 Amp $2.84 

12V. 3 Amp $4.48 

36V CT. 1A: 14V CT, 400 Ma $4.20 ea. 
44V CT—1A: 6.3V, >yi amp tap $3.4 7 ea. 
48V CT — 1 A: 6.3V, ‘/i amp tap $3.46 ea. 
NEW ITEM 

Thordarson DC to DC converter power 
supply transformer — for 12 Volt DC 
service. (Instruc. & schematic incl.) 

TR 91 — output 450V, 120W, 270MA DC 

$9.88 ea. 

TR.98 — output 1500V, 12MA DC, $8.15 ea 
9-PIN "TO—" 1C Socket, gold pit. 6/$1.08 
3000 MFD <•> 20V Capacitors. Same size 
as above. _ 80ea. or 3/S2.00 

SEND STAMP FOR BARGAIN LIST 
PENNSYLVANIA RESIDENTS ADD 6% 
ALL ITEMS PPD. USA 


V4 WATT, 5% Resistors, Full leads, im¬ 
ported. 75. 220, 390, 430, 820, 1.5K, 2K. 
10K, 15K, 22K, 39K, 82K, 120K. 220K, 
270K. 33/$1.66 

One Value 100/$4.15 
Assorted Values 100/$4.55 
NEW PC. POTS — >/ 4 W by Piher. Vert. 
ML, 250'.: w/slot drive; Hoz. Ml. 100.: & 
10K. hex slot drive. 20r ea. - 6/$1.00 
"S" UNIT METER — Pearce-Simpson 
#3701 004. Scale 0. 3, 5. 7, 9. +10. +30. 
500,.A rating. lVi’W x l‘/»“H « J/.-D. 
_ $2.95 each 

'V, 3000 MFD 
))r @ 30 volt 
Capacitors. 

1* Dia. x 3 — 90, ea. or 3/S2.25 

UNPOTTED TOROIDS — Center tapped..- 
88 MHY - 5 oz. • 5/$2.95; 9 oz. - 5/$3.49 fffr 
44 MHY - S/S3.95 _ 

m. weinschenker 

electronic speciilties-BOI 353. IRWIN, P1 15643 


NO COMPROMISE! 


QUALITY KENWOOD TRANSCEIVERS 
... from KLAUS RADIO 


The TS-820 is the rig that is the 
talk of the Ham Bands. Too many 
built-in features to list here. What 
a rig and only $830.00 ppd. in 
U.S.A. Many accessories are also 
available to increase your oper¬ 
ating pleasure and station ver¬ 
satility. 





160-10M TRANSCEIVER 



TS-700A 

2M TRANSCEIVER 


Guess which transceiver has made 
the Kenwood name near and dear 
to Amateur operators, probably 
more than any other piece of 
equipment? That's right, the TS- 
520. Reliability is the name of 
this rig in capital letters. 80 thru 
10 meters with many, many built- 
in features for only $629.00 ppd. 
in U.S.A. 


Super 2-meter operating capability 
is yours with this ultimate design. 
Operates all modes: SSB (upper 
& lower). FM. AM and CW. 4 MHz 
coverage (144 to 148 MHz). The 
combination of this unit's many 
exciting features with the quality 
& reliability that is inherent in 
Kenwood equipment is yours for 
only $599.00 ppd. in U.S.A. 



TR-7400A 

2M MOBILE TRANSCEIVER 


TS-520 
80-10M TRANSCEIVER 


This brand new mobile transceiver 
(TR-7400A) with the astonishing 
price tag is causing quite a com¬ 
motion. Two meters with 25W or 
10W output (selectable), digital 
read-out, 144 through 148 MHz 
and 800 channels are some of the 
features that make this such a 
great buy at $399.00 ppd. in U.S.A. 


Send SASE NOW for detailed info on these systems as well as on many other fine 
lines. Or. better still, visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m. 
The Amateurs at Klaus Radio are here to assist you in the selection of the optimum 
unit to fullfill your needs. 

MAUI RADIO 

8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE — Phone 309-691-4840 



• Full 2KW, 3 fo 30 MHz, 1:1 or 1:4 
ratios. 

• Special TEFLON insulated wire 
windings. 

• May be used with tuned matching 
lines or antenna tuners. Withstands 
accidental high VSWR, great for 
antenna experimentation. 

• Built-in hang up and dipole center 
insulator. 

• Totally weatherproofed by encapsu¬ 
lation, silver plated SO-239 coax 
connector input, and brass terminal 
output. 


Balance your antenna, end radiation 
from coax, improve beam patterns, 
and lower receiving noise pick-up. 
Free literature upon request. 

Available at your dealer 
or order direct: 

ONLY $11.45 ppd. (specify ratio) 

K. E. ELECTRONICS 

2931 Unit F West Central Ave. 

Santa Ana. Calif. 92704 


TRAGIC WASTE OF RF 

could be your fate as precious watts rig-rag round 
the world to shower just a little — or little or 
none — on that hoped for OX station. BUT WE 
HAVE AN ALTERNATIVE — THE JOYSTICK VFA 
(Variable freq ant.), which gives low angle, omni¬ 
directional, harmonic free radiation on all bands 
160 thru 10 (+ MARS and receive on all BC & 
SW) Stalwarts W6TYP and G4DJY achieved 
notable results in contests — just to mention two 
of the many who have sent glowing reports of the 
VFA in use, often in poor QTH and/or under QRP. 

SYSTEM ‘A’ $75.00 Receiving Only ^ 

SYSTEM T $99.00 WMZ& 

Air Mail cost included 

(each system 3 sections easily assembled to make 
unit T 6" long. Matching ATU.) Not only will 
you save space but you will save $$$ at present 
low exch rale and by buying direct UK manuf. 
Rush your order — Mastercharge or check, or 
ask for brochure. 

PARTRIDGE (HR) ELECTRONICS LTD. 

BROAOSTAIRS, KENT, ENGLAND 
G3CED TEL. THANET 62535 G3VFA 


WANTED FOR CASH 




4CX150 4CX1000 4-65 4-250 

4CX250 4CX1500 4-125A 4-400 

4CX300A 4CX3000 4-1000 

4CX350A 4CX5000 304TL 

40X10,000 
5CX1500 

Other tubes end Klystrons also wanted. 

The Ted Dames Company 


308 Hickory St. 
(201) 998 4246 


Arlington, N.J. 07032 
Evenings (201) 998 6475 
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Don't sacrifice maximum power output and high efficiency for 
linearazation. The BLUE LINE offers you the best of both 
designs. The BLUE LINE amplifiers are engineered using the 
latest state of the art stripline technology. This design tech¬ 
nology means efficient broad band output with a very high 
degree of mechanical stability. 


RF Amplifiers 


Vh> engineering is the only name you have tc 
remember when it comes to VHF or UHF amplifiers, just 
look at the variety available. 


MODEL 

BAND 

EMISSION 

POWER 

INPUT 

POWER 

OUTPUT 

WIRED AND 

TESTED PRICE 

BLC 10/70 

144 MHz 

CW-FM SSB/AM 

10W 

70W 

139.95 

BLC 2/70 

144 MHz 

CW-F M-SSB/AM 

2W 

70W 

159.95 

BLC 10/150 

144 MHz 

CW FM SSB/AM 

10W 

1 50W 

259.95 

BLC 30/150 

144 MHz 

CW-FM SSB/AM 

30W 

150W 

239.95 

BLD 2/60 

220 MHz 

CW FM SSB/AM 

2W 

60W 

159.95 

BLD 10/60 

220 MHz 

CW FM-SSB/AM 

10W 

60W 

139.95 

BLD 10/120 

220 MHz 

CW-F M-SSB/AM 

10W 

120W 

259.95 

BLE 10/40 

420 MHz 

CW-FM SSB/AM 

10W 

40W 

139.95 

BLE 2/40 

420 MHz 

CW FM SSB/AM 

2W 

40W 

159.95 

BLE 30/80 

420 MHz 

CW-FM SSB/AM 

30W 

80W 

259.95 

BLE 10/80 

420 MHz 

CW FM SSB/AM 

10W 

80W 

289.95 



Don't forget our popular PA-2501 and PA-4010 at $74.95 (wired and tested) $59.95 (Kit) 


FEATURES 

• High efficiency means low current 
drain. 

• Broad band design (no tuning). 

• Direct 12 volt DC operation. 

• Indicator lamps for On/Off and 
FM/SSB. 

• Relay switching (allows you to 
put amplifier in or out of circuit 
at the flip of a switch). 

• Insertion loss of less than 1 dB. 

• One year limited warranty on 
parts and labor. 



WANT TO BRING YOUR AMPLIFIER INDOORS? 


LOOK AT THESE POWER SUPPLIES! 

Over-voltage protection crowbar. 

Electrostatic shield for added transient surge protection. 

A foldback output limiter operates for loads outside of the operating range. 

Isolation from ground. The circuit is isolated from the case and ground. 

115/220 volt input - 50/60 cycle. 

Units are factory wired for 115 volt AC. 50/60 cycle power. 

A simple jumper will reconfigure the input for 220 volt AC. 50/60 cycles. 

Temperature range — operating: 0° to +55° C. 

Black anodized aluminum finish. 


PS-25M WITH CURRENT METERS 


PS 15C LOW COST 


Recommended for: 

BLC 10/70 BLD 2/60 BLE 30/80 

BLC 2/70 BLD 10/60 BLE 10/80 

Voltage Output: adjustable between 10-15V 
Load Regulation: 2% from no load to 20 a 
Current Output: 

25 amps intermittent (50% duty cycle) 
Ripple 50 mV at 20 amps 
Weight: 22 1/2 pounds 
Size 12 1/4" x 6 3/4" x 7-1/2" 

PS 25M Kit.$149.95 

PS-25M Wired & tested $169.95 


PS 3012 COMMERCIAL 




Recommended for: 

BLE 10/40 BLE 2/40 
Voltage Output: adjustable between 12- 14V 
Load Regulation: 2% from no load to 
10 amps 
Current Output: 

15 amps intermittent (50% duty cycle) 
Ripple: 50 mV at 10 amps 
Weight: 13 pounds 
Size: 11-1/4" x 5-1/2" x 4-3/4" 

PS 15C Kit .$79.95 

PS-15C Wired & tested . $94.95 


Recommended for: 

BLC 3/150 
BLC 30/150 
BLD 10/120 

Output Voltage Adjustable. 11-15 VDC 
Output Current: 30 amps (50% duty cycle) 
Regulation: Better than 2 percent 
Output Ripple: 50MV pk-pk maximum 
Temperature Range: 0°-60° C operating 
Overvoltage Protection: Built in OVP 
crowbar 

Overcurrent Protection: Foldback current 
limiting at 30 amps 

Short Circuit Current: 2 amps maximum 
Input Voltage: 105-120 or 208-230 at 
50-60Hz 

Sizo: 13-1/4" L x 7-1/8" W x 6-5/8" H 
Weight: 25 lbs. 

Finish: Black anodized alur.iinum 

PS-3012 Wired & tested . . . $239.95 i 


Export prices are slightly higher. Prices subject to change. 

BOX H / 320 WATER ST. / BINGHAMTON. N.Y. 13901 
DIVISION OF BROWNIAN CLLCTRONICS CORP Phone 607 723 9574 
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VISTA—MASTERCHARGE 


INLINE INSTRUMENTS. INC 


K4RYR ORLANDO, FLA. W4YYS 
KLM • HY-GAIN • CUSHCRAFT 
MINI-PRODUCTS • SHURE 
ASTATIC • BEARCAT-210 and More! 


BOB 

W4YYS 


LAFAYETTE RADIO ELECTRONICS 

1811 HWY 17-92, MAITLAND, FL. 32751 
€£ 305-831-2271 ■■■ 


PRE-AMP 


HIGH GAIN • LOW NOISE 

35dB power gain, 2.5-3.0 dB N.F. at 150 
MHz 2 stage. R F. protected, dual gate 
MOSFETS. Manual gain control and pro¬ 
vision tor AGC. 4%” x 1%” x H4" alum¬ 
inum case with power switch and choice 
of BNC or RCA phono connectors (be 
sure to specify). Available factory tuned 
to the frequency of your choice from 5 
MHz to 250 MHz with approximately 3% 
bandwidth. Up to 10% B W. available on 
special order 

N. Y. State residents add sales tax 

Model 201 price: 5-250 MHz $29.95 


Vang 


196-23 JAMAICA AVE. 
HOLLIS, N. Y. 11423 


STEP UP TO TELREX 

Professionally Engineered Antenna Systems 

Single transmission line “TRI-BAND' ARRAY” 


ILLUSTRATION BALUN 


ILLUSTRATION TRAP 


By the only test that means anything 
on the air comparison . . . this array con¬ 
tinues to outperform all competition 
and has for two decades Here's why 
. . Telrex uses a unique trap design 
employing 20 HiQ 7500V ceramic con¬ 
densers per antenna Telrex uses 3 opti¬ 
mum-spaced, optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-band performance 


For technical data and prices on com¬ 
plete Telrex line, write for Catalog PL 7 


IAMBIC 


KEYER 


Fully lambic, both 0IT & DAH paddle memories, 
sell completing characters, automatic spacing & 
weighting, sidetone output, transistorized output 
that keys grid block or cathode keyed rigs, speed 
from 5 to 40+ wpm The Paddles are on a beau¬ 
tiful finished wood base. 

Kit $39.75 with Paddles $65.00 
Assembled $56.95 with Paddles $80.00 


DAYTRONICS 

COMPANY 


-l - ? 0 80X426 
Q D 12 OAKDALE AVE 
^ 1 ' SELOEN, N. Y. 11784 


COLLINS & MORE 


Collins 51S1 Receiver 
Collins 75S3B, Ham rcvr 
Collins 75S3B, late, round 
Collins 317B4, Exc. cond. 
Collins KWM-2 transcvr. V.G. 
Collins CP-1, crystal Pack 
Collins 32S3 Ham Xmtr. 
Measurements 65B, LF sig. gen. 


$1450.00 
$825.00 
$950.00 
$235.00 
$850.00 
$225.00 
$895.00 
. $395.00 


Henry 4K linear amp., exc. $1250.00 

Nems Clark 1302A. 55-260 MHz rcvr. 

$395.00 

Yaesu FT401B, orig. box, etc. $545.00 

We stock good, used equipment from Collins, 
Drake, Heath and other manufacturers. Hundreds 
of test items also available. Call for specific re¬ 
quirements, or write for free catalog. 

DAMES COMMUNICATION SYSTEMS 

201-9984256 
10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 


ONE FEEDLINE FOR TWO ANTENNAS? 

CHANGE ARRAY DIRECTION REMOTELY? 

YESI with INLINE "wireless" controlled 
weatherproof coaxial relays 

A coaxial coupler at the radio controls a weatherproof remote relay on the 
tower or pole via any length coaxial cable, vertical to horizontal—omm to 
diredional—change bands—a must for satellite work—and more" 

In world wide use 

Type 103- 20 to 470 MHz—500W PEP— $41.95 
Type 105— 1.5 to 180 MHz—2500W PEP— 51.95 
Type 101— .1 to 550 MHz—2000W PEP— 29.95 

(Not coax cable controlled) 

Special Types—On Order 

II not slocked by your dealer order direct 

Shipped tree via UPS in USA ._ 


Box 473, Hooksett. N H 03106 (603) 622-0240 
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SPECIALS FROM 


Fairchild VHF Prescaler Chips 

11C01FC High Speed Dual 5-4 Input no/nor 15.40 

11C05DC 1 GHz Counter Divide by 4 74.35 

11C05DM 1 GHz Counter Divide by 4 110 50 

11C06DC UHF Prescaler 750 MHz D Type flip/flop 12.30 

11C24DC Dual TTL VCM same as MC4024P 2.60 

11C44DC Phase Freq. Detector same as MC4044P 2.60 

11C58DC ECL VCM 4.53 

11C70DC 600 MHz flip/flop with reset 12.30 

11C83DC 1 GHz 248/256 Prescaler 29.20 

11C90DC 650 MHz Prescaler Divide by 10/11 16.00 

11C90DM same as above except Mil. version 24.00 

11C91DC 605 MHz Prescaler Divide by 5/6 16.00 

11C91DM same as above except Mil. version 24.00 

95H90DC 350 MHz Prescaler Divide by 10/11 9.50 

95H90DM same as above except Mil. version 16.50 

95H91DC 350 MHz Prescaler Divide by 5/6 9.50 

95H91DM same as above except Mil. version 16.50 

Batteries 

Gel-Cell 12 volts at 1.5 Amp Hr. #GC-1215 $19.95 

Crystals JUST ARRIVED! These radios have just been 

J'222222 4 95 P u,,ed out of service. Set up for approx. 150 MHz. 

5.000000 MHz 4.95 Clean. All tubes included. No accessories. Prices 

3579.545 KC 2.95 FOB Phoenix. 

10 MHz $4.95 Motorola U43 GGT $49.95 

GE TPL $99.95 

GE MT-33 $39.95 

GRC10 Radio Set $169.95 


electronics 


Motorola MC14410CP CMOS tone Generator uses 1 MHz Crystal to 
produce standard dual frequency telephone dialing signal. Directly compatible with 
our 12 key Chomeric pads. Kit includes the following. 

1 MC14410CP 
1 1 MHz Crystal 

1 Printed Circuit Board (From Ham Radio Sept. 1975) 

And all other parts for assembly. NOTE: Touch Tone Pad not included! $15.70 

Fairchild 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35 
MHz Counter to 350 MHz. Kit includes the following. 

1 95H90DC 

1 2N5179 

2 UG-88/u BNC's 

1 Printed Circuit Board 
And all other parts for assembly. 

$29.95 

Fairchild 11C90DC Prescaler divide by 10 to 650 MHz. Will take any 65 
MHz Counter to 650 MHz or with a 82S90 it will divide by 10/100 to 650 MHz. 
This will take a 6.5 MHz counter to 650 MHz. Kit includes the following. 

1 11C90DC 
1 2N5179 


UG-88/U 

1 MC7805CP 1 Printed Circuit Board and all other parts for assembly. 

1 Bridge 82S90 add $5.70 to total. 

$59.95 

Fairchild 3817 Clock Kit from Ham Radio, Feb. 1976, Pg. 26 — All parts 
included except transformer and case. 12 hour $24.95 24 hour $29.95 


MuRata 10.7 MHz Ceramic Filters 
#SFW«10.7MA $3.95 

10.7 Narrow Band Crystal Filters 
Type 2194F $7.95 each 


Johanson and Johnson 
Trimmer Capacitors 
1 to 14 pf. $1.95 

1 to 20 pf. $1.95 


Ferrite Beads 

12 for .99 or 


FET’s 


120 for 9.99 


2N3070 

2N3436 

2N3458 

2N3821 

2N3B22 

2N4J51 

2N4416 

2N4875 

1.50 

2.25 

1.30 

1.60 

1.50 

2.85 

1.05 

1.75 

2N5460 

2N5465 

2N5565 

3N126 

MFE2000 

MFE2001 

MFE2008 

MFE2009 

.90 

1.35 

5.45 

3.00 

.90 

1.00 

4.20 

4.80 

MFE3002 

MPF102 

MPF121 

MPF4391 

U1282 

MMF5 

40673 

40674 

3.35 

.45 

1.50 
.80 

2.50 
5.00 
1.39 
1.49 



TUBES 



2E26 

5.00 

572B/T160L 

25.00 

7377 

40.00 

3B28 

4.00 

811A 

9.95 

8156 

3.95 

4X150A 

15.00 

931A 

11.95 

8908 

9.95 

4X150G 

18.00 

5849 

32.00 

8950 

5.50 

4CX250B 

24.00 

6UQ6 

4.50 

4-400A 

29.95 

4CX350A/8321 

35.00 

6146A 

5.25 

4-250A 

24.95 

4CX15000A 

150.00 

6146B/8298A 

6.25 

4-125A 

20.95 

DX415 

25.00 

6360 

7.95 

4-65A 

15 95 



6907 

35.00 




TRANSFORMERS 


F-18X 
F-93X 
F-92A 
N-51X 
Model D-2 

BE-12433-001 

BGH-9 

F-107Z 

P6377 

P6378 

P8196 


6.3vct at 6 amps 
6.5v to 40v at 750 ma. 

6.5v to 40v at 1 amp 
Isolation 115vac at 35va. 
6.5v at 3.3 amps 
6.5v at 3.3 amps 
30v at 15 ma. 

6.3vct at 10 amps. 

12V @ 4A or 24 V @ 2A 
12v @ 4a or 24v @ 2a 
12v @ 8a or 24v @ 4a 
80vct @ 1.2a 


New Motorola Carbon Micro¬ 
phone Model P-7255A. 

This unit is a "noise cancelling" palm 
type microphone. These mikes come 
with or without cables. Price without 
$ 19.95 — with $29.95. 


FANS 


Pamotor Fans, Model 4500C 117 
VAC, 60 Hz, 19 w. $7.95 


DIODES 


1N270 Germanium Diodes 57.95/c 
HEP170, 2.5A, 1000 PIV $4.95/20 
Semtech SFMS 20K, 20KV, 10 ma, 
fast recovery $1.26 ea. 

H.P. 612A UHF Signal Generator, 
450 MHz to 1230 MHz $900 00 
H.P. 624B Microwave test set, 6565 
MHz to 7175 MHz $900.00 

Beckman ”Eput" meter and Hetero¬ 
dyne Plug-in/Freq. meter D.C. to 
1 GHz. $900.00 


TRANSISTORS 


2N3375/MM3375 

2N3553 


2N3824 
2N3866 
2IY3866 JAN 
2N3866 JAN TX 
2N3925 


2N3927 
2N3948 
2N3950 
2N3961 
2N4072 
2N4073 
2N4135 
2N4427 
2N4430 
2N4440 
2N4957 
2N5070 
2N5090 
2N5108 
2N5109 

2N5177/MRF5177 

2N5179 

2N5184 

2N5216 

2N5583 

2N5589 

2N5590 

2N5591 

2N5635 

2N5636 

2N5637 

2N5643 


2N5641 
2N5643 
2N5764 
2N5841 

2N5842/MM1607 

2N5849/MM1622 

2N5862 

2N5942 

2N5922 

2N6080 

2N6081 

2N6082 

2N6083 

2N6084 

2N6166 

MRF8004 

HEPS^014/76 

HEPS3002 

HEPS3003 

HEPS3005 

HEPS3006 

HEPS3007 

HEPS3008 

HEPS3010 

RCA TA7994 

RCA 40290 


We also have the following Wilcox/Soerry circu t boards in stock. 
#118788/611878B #118374/6118374 #117867/6117867 

#117198/6117198 #117535/6117535 

#118817/6118817 #117752/6117752 


.99 

189-504-4 1.5 

to 

5 pf 

.99 

.99 

189-355-5 1.7 

to 

11 « pf 

1 39 

.99 

189-352-5 1.3 

to 

5.4 « pf 

1.39 

.99 

* = Differential 





E. F. Johnson Vair. Capacitors 

189-1-4 1.2 to 4.2 pf .99 

] 89-4-5 1.5 to 9.1 pf .99 

189-5-8 1.7 to 11 pf .99 

189-6-8 1.8 to 13 pf .99 


JUST ARRIVED ! 

Wilcox/Sperry Circuit Boards: 

#118273/6118273 This board has many valuable parts including the following: 

1 each crystal 9.700000Mc 1 each 2N5486 

9.800000Me 5 each 2N5208 

9.900000Mc 4 each 2N4126 

92.734000Mc 4 each 2N3563 

93.134600Mc 2 each 2N4259 

93.535000Mc 3 each #189 - 4 - 51 cap 1.5 to 9.1 pf 

93.935300Mc and about 100 more capacitors, resistors, coils 
94.335600MC etc. Only $19.95 

#118821/6118821 This board has many valuable parts including the 
following: 4 each 16 pin dip sockets 

2 7490 1 7474 

2 74123 1 7400 

1 MC8300 1 DM8820 

1 7405 1 2N4401 

and about 35 more capacitors, resistors, crystals, connector Only $4.95 


#118376/6118376 This board has many valuable parts including the 
following: 

4 each MC1213 3 2N3563 

1 MC1234 1 1N4004 

4 MC724/824 and about 38 more capacitors, resistors, 

5 MC790/890 coils, connectors Only $8.95 


electronics 


2543 N. 32nd STREET 
PHOENIX, ARIZONA 85008 
PH. 602-957-0786 


NO C.O.D. 
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Ham Radio's guide to help you find your ioc 


Alabama 


LONG'S ELECTRONICS 

3521 TENTH AVE. NORTH 
BIRMINGHAM, AL 35234 
800-633-3410 

Call us Toll Free to place your order 


Arizona 


MASTERS COMMUNICATIONS 

7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 

Rohn tower distributor, Atlas, 
Icom, Tempo, HyGain & service. 


POWER COMMUNICATIONS 

6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-8990 
Arizona's #1 Ham Store. 


California 


C & A ELECTRONICS 

2529 EAST CARSON ST. 

P. O. BOX 5232 
CARSON, CA 90745 
213-834-5868 

Not the biggest, but the best — 
since 1962. 


CARSON ELECTRONICS 

12010 EAST CARSON ST. 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in ICOM 
communications equipment. 


COMMUNICATIONS CENTER 

705 AMADOR STREET 

VALLEJO, CA 94590 

707-642-7223 

Who else has a Spectrum 

Analyzer? 


HAM RADIO OUTLET 

999 HOWARD AVENUE 

BURLINGAME, CA 94010 

415-342-5757 

Visit our stores in Van Nuys 

and Anaheim. 


QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 

Serving the world’s Radio Amateurs 
since 1933. 


TOWER ELECTRONICS CORP. 

24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 

Authorized Yaesu Sales & Service. 
Mail orders welcome. 


Colorado 


C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 

DENVER, CO 80202 
303-573-1386 

Rocky Mountain area’s complete 
ham radio distributor. 


Florida 


CENTRAL EQUIPMENT CO. 

18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL. 33160 
305-932-1818 
Specializing in Amateur, CB 
& Marine Equipment. 


RAY’S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast’s only dealer: 

Drake, Icom, Cushcraft, Hustler. 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL 60646 
312-631-5181 

Hours: 9:30-9 Mon. & Thurs. 9:30-5 
Tues., Wed., Fri. 9-3 Sat. 


KLAUS RADIO, INC. 

8400 NORTH PIONEER PARKWAY 
PEORIA, IL 61614 
309-691-4840 

Let us quote your Amateur needs. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 
OAK PARK, IL 60304 
312-848-6777 

Chicagoland's Amateur Radio 
leader. 


Indiana 


HOOSIER ELECTRONICS 

P. O. BOX 2001 

TERRE HAUTE, IN 47802 

812-238-1456 

Ham Headquarters of the Midwest. 
Store in Meadow Shopping Center. 


Iowa 


BOB SMITH ELECTRONICS 

12 SOUTH 21ST STREET 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

Amateur Radio’s Top Dealer. 
Buy — Sell — Trade. 


Maryland 


COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 

New & Used Amateur Equipment. 
Wilson, Ten-Tec, R. L. Drake 


Massachusetts 


TUFTS RADIO ELECTRONICS 

386 MAIN STREET 
MEDFORD, MA 02155 
617-395-8280 
New England’s friendliest 
ham store. 


Michigan 


RADIO SUPPLY & ENGINEERING 

1207 WEST 14 MILE ROAD 
CLAWSON, Ml 48017 
313-435-5660 

10001 Chalmers, Detroit, Ml 
48213, 313-371-9050. 


Minnesota 


ELECTRONIC CENTER, INC. 

127 THIRD AVENUE NORTH 

MINNEAPOLIS, MN 55401 

612-371-5240 

ECI is still your best buy. 


Missouri 


HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In This Issue. 
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nmateur Radio Dealer 


MIDCOM ELECTRONICS, INC. 

2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 

At Midcom you can try before you 
buy! 


Nebraska 


COMMUNICATIONS CENTER, INC. 

2226 NORTH 48 ST. 

LINCOLN, NE 68504 
800-228-4097 

Yaesu, Drake, Tempo, Swan, 

HyGain - call Toll Free 


New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 

17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since ‘'55”. 


New Mexico 


ELECTRONIC MODULE 

601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 

Yaesu, Kenwood, Swan, Dentron, 
Tempo, Atlas, Wilson, Cushcraft 


New York 


ADIRONDACK RADIO SUPPLY, INC. 

185 W. MAIN STREET 
AMSTERDAM, NY 12010 
518-842-8350 

Yaesu dealer for the Northeast. 


CFP COMMUNICATIONS 

211 NORTH MAIN STREET 
HORSEHEADS, NY 12010 
607-739-0187 

Jim Beckett, WA2KTJ, Manager 
Bryant Hozempa, WB2LVW, Sales 


GRAND CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 

Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 


HARRISON 

“HAM HEADQUARTERS, USA” 

ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 

Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
315-337-2622 

New & used ham equipment. 

See Warren K2IXN or Joe WB2GJR 


Ohio 


UNIVERSAL SERVICE 

114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221-2335 

Give U.S. a try when ready to buy. 


Oklahoma 


RADIO STORE, INC. 

2102 SOUTHWEST 59th ST. 

(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 

New and used equipment — 
parts and supply. 


Pennsylvania 


ELECTRONIC EXCHANGE 

136 N. MAIN STREET 

SOUDERTON, PA 18964 

215-723-1200 

New & Used Amateur Radio 

sales and service. 


"HAM” BUERGER, INC. 

68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
215-659-5900 

Communications specialists. 
Sales and service. 


HAMTRONICS, DIV. OP 
TREVOSE ELECT. 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 


South Carolina 


AMATEUR RADIO ELECTRONICS 

100 STATE ST. 

WEST COLUMBIA, SC 29169 

803-796-7957 

Featuring Swan Equipment 


Tennessee 


J-TRON ELECTRONICS 

505 MEMORIAL BLVD. 
SPRINGFIELD, TN 37172 
615-384-3501 
Ten-Tec dealer — call or 
write for best trade. 


Texas 


AGL ELECTRONICS 

3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241-6414 

Having trouble finding equipment? 
Come on in today! 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 

FT. WORTH, TX 76112 

817-461-9761 

Your Full Line Authorized 

Yaesu Dealer. 


Virginia 


ARCADE ELECTRONICS 
7048 COLUMBIA PIKE 
ANNANDALE, VA 22003 
703-256-4610 

Serving Maryland, D.C., and Virginia 
area since 1962. 


Wisconsin 


AMATEUR 

ELECTRONIC SUPPLY, INC. 

4828 WEST FOND du LAC AVENUE 
MILWAUKEE, Wl 53216 
414-442-4200 

Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat, 9-3. 


Washington 


AMATEUR RADIO SUPPLY CO. 

6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 

First in Ham Radio in Washington 
Northwest Bird Distributor 


Wyoming 


DENCO COMMUNICATIONS CENTER 

1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234-9197 
Sales, Service to Wyoming 
and the Northern Rockies. 


august 1977 EJ117 










































THE PS 12 IS THE BEST POWER SUPPLY KIT ON THE MARKET FOR *$49.95 


Check theta specs 

3 to 16 volts end 15 to 30 volt* (? ranges! 
Adfustable fold beck current limiting from 

4 to 15 irnpt. 

10 amps continuous, 15 ampt with fan 
cooling 

Regulation better than 150 m* from 0 
to full load 

Ripple less than ?00mv 6 10 amps 
Shorl Circuit protection 


Look what you get 
11 pound heavy duty transformer 


Two 6" 60 watt heatsinks 


$ 49.95 


to full load _ Large computer grade filter cap 

Ripple less than ?00mv 6 10 amps 1C regulator, power transistors and 

15A bridge lecililer. 

Shorl Circuit protection Ouality plated and drilled PC hoard. 

•ADD S3 70 for UPS shipping Canadian customer add $10.00 for parcel post shipping 
and insurance Price does not include case, meters or jacks 


OVERVOLTAGE PROTECTION KIT 


The OVP 1 is an overvoltage protection circuit designed to protect your expensive gear 
if the series pass regulators short or unauthorized hands tamper with the voltage setting 
on a variable supply. Set the OVP 1 for 1 or 2 volts over the normal operation voltage 
and it will instantly go into current limiting, (if the supply has this feature), or blow 
the luse. The kit comes complete with PC board, all components including the 25A 
SCR and complete easy to follow mstructions.-Oesigned specifically for the PS-12 Power 
Supply Kit. $6.95 


DIPOLE /ANTENNA CONNECTOR 


has coa* SO ?I9 social molded into 
glass Mini plastic body to accept 
I — <•*« Pi <’*>'» plug cm leadline Drip 

A cep keeps um fillings dry Instruc 

Jr lions included i'.uaranleed At your 

JT / dealers o> $1 95 postpaid Cam 

JP parnon insulators 7f \99 

BUDWIG MFG. Co. ‘O Bo. -mi Rimon* CA 9?065 


K-ENTERPRISES 

Frequency Counters Power Supplies 

Prescalers Amplifiers 

Marker & Peaking Frequency 

Generators Standards 

Write for Free Catalog 

Box 410 (N.W. of town) Fairland, OK 74343 
Phone: 918*675-3752 


as.red * Check or M O with order 
O'*' y.. 2 Bank Anieru jrd or Mastercharge 

3 t-Z *** 3 C O D (20% deposit, please! 


Writ* for 
FREE brochure* 
and particular* 
on all modal*. 


era icom 


Transceiver 


CTC UHF/vHF 
POWER TRANSISTORS FOR AM A TEUR USE 
J101 UNDERWOOD CAPACITORS 


$ KENWOOD 


GULLET 

ELECTIMICS 


P.O. BOX 19442 
DALLAS. TX. 75219 
(214) 823 3240 


POLICIES No COD'S 
Send check or Money Order 
Add 5% for Shipping 
Tex Ret. edd 5% Sales Tax 
Foreign Orders add 10% 
120% for Airmail I 


Order under $10. add 60c handling 
Accepting phone orders on MC & BAC 
Catalog free with each order. 

DON'T FORGET! 10% discount 
on merchandise orders of *50.00 
and over 


WE BACK YOU UP! 

Outlet wilt repair any ell we have ever 
sold for 20% of original purchase price 
to cover handling. (Warranty void for. 
Improper soldering techniques.) 


AUTOMATIC 
TIME-OUT CIRCUIT 
or use with the US-01 or 
•ny other application. Pro 
vldet a 17 second entry delay 
and then energizes your alarm 
for approx 10 minutes, re 
arms itself Will source up to 
?00m# to drive a relay. All 
components ft PC board 

$3.95 


ILIIASIIIC SEIIEIIE6EIVEI KIT 

A special buy on a high quality ultrasonic transducer 
allows us to offer this kit at a super price. Gives you the 
basics to build INTRUSION ALARMS. MOTION DETEC¬ 
TORS. REMOTE CONTROLS, ECHO RANGING, etc. 
All components with drilled & plated PC Board. Will cover 
up to 400 sq. ft. Requires 12-15VCC 9 80 mi (not sup¬ 
plied). Order model US-01 


WW ALArM Kit 

Thousands of these are being 
used In scores of applications 
Give* a LOUD two tone 
scream of 10 watts (pulsed) 
power Requires 615VOC4P 
BOOme ft 4 or 8 ohm speaker 
(spk not supplied! $3.50 
includes all component* ft 
PC Board 


FIRED UP! 

Our COI Kit will give your car that extra 
spark It needs to burn fuel more efficiently 
A special buy allows us to tell the complete 
kit at a low. low price $9.95 

Includes Special toroid transformer, drilled 
A plated PC board, all components, and com¬ 
plete instructions (Heatsink end caw NOT 
provided J 


$ 9.95 


Price $19.95 

Freq. set at 
factory 
$5.00 extra 

Cfttlt r.» add 6\ 


a Inexpensive multi 
tone encoder 

• Compatible with 
PL-CG-QC 

• Low distortion 
sinewave 

. Input 8-18 VDC 
unregulated 

• Rugged, plastic 
encased with 
leads 

• Adjustable frequency 
(98-250 Hz), Lower 
available 

• Excellent stability 

Send tor more into 


Apollo Products, Box 245, Vaughnsville, Ohio 45893 419-646-3495 

Subsidiary "Little Giant Antenna Labs" 


has the? words 

QUALITY, 

QUANTITY... 


EVERYTHING FROM A TO Z IN ELECTRONICS 


KENWOOD 
T ransceiver 
TS 820 
160 thru 10M 


Four independently ad|ustable oscillators 
are sequentially mixed and disabled by a 
counter circuit pulsing at a rale that you 
set. The sound combinations are endless 
and the effect is amazing. Sounds straight 
from the Twilight Zone. Complete elec 
ironies with plated PC board. Requires 
6 to 15 volts DC 0 800m.t 10 watts (pulsed) 
0 8 ohms and 12 volts. Order DA-01 

$8 50 


AUDIBLE CONTINUITY TESTER 
KIT 

Measures continuity and resistance 
to 2K. Test LED's, diodes & trans 
istors. Less speaker Requires 6 to 
12 volts, (batteries not included). 

$1.95 


1 


w radio, me. I 

2602 E Ashlar*. Fresno. CA 93726 / Ph (209)224 5111 


r l6 le 

_ p foducts 

PO Box 2083 Sonia Cloro CA 95051 


Apollo Products-Little Giant Trans Systems Tuner Kit - $122.50 


YAEBU 


YAESU 
HF SS8 
FT 101E. 

160 thru 10M 


Tie otAo* oloci at anypueaLa* •ittAe*a^aatua» f 


Designed and engineered after "Apollo" — "Little Giant” 2500X-2. tor an "engineered 
performance” Trans Systems Tuner and Adaptations of the Lew McCoy Transmatch, with 
power handling at the KW plus level! 


$ 39.95 


W* offw a beautiful •olid hard wood 
C«M In Mthw Mh or walnut with front 
ruby filtar Daligned and cut specific 
ally tor the mini grandfather clock kit. 

Unfinished Case $14.95 
Finished Com - $18.50 
Please specify type of wood desired 
Case it shipped unassembled. 


• Completely Electronic 

• 100% Solid State 

• AM CMOS 1C Construction 

• ? Ouality Plated PC Boards 
6.5" * 4.5" 

• New. revised easy to follow instruct ions 

• Large V LED readout with AM/PM 
ft colon indicators 

• Simulated LED swinging pendulum with 
lyncronized tick lock sound 

• Chimes the hour lie 3 time* lor 3 
o’clock I 

• Adjustable volume tone end sustain 
on the chime 

• LOW COST 

• Complete with all ports including trans¬ 
former A speekai 

This quality time piece 
will catch the eye of every¬ 
body who walks into your 
house I It will be the most 
unique item on your 
mantle or bookshelf. 

MINI GRANDFATHER 
CLOCK KIT 

$39.95 

(order MG 01) 

Case NOT included 

$59.95 

(order MG 01/A) 

Completely assembled* 

(Cate NOT included) 


Kit includes: 

1 200 pfd wide spaced variable 
with isolantite insulation rated 
3.000 volts 

1 200 pfd duel section parallel 
condenser isolantited 

2 finger grip pointer knobs 2” 
diam. white indented 

I pvc insulated shaft couplings 
•s lo •/* 

3 SO 239 coax chassis connectors 
Tunes 52 ohm or 52-300-600* or 
random wires 


1 heavy inductance for 10-15-20- 
40 80 meters 

6 pvc stand offs, 4 for condensers 
and 2 for inductance 
1 HD switch for band catching 10 
thru 80 meter coverage 
1 pkg 12 gauge tinned round wire 
Cabinet included — Apollo "Sha 
dow Boxes" M Kit includes sche 
malic Recommend parts layout 
INFO NOTE *377 OHM and **600 
OHM "Open wire spaced ladder 
line" air dialectnc 
*53 x wire diam **84 x wire diam 
into only — not supplied 













• Booming 25 watts output power 
@ 14v DC input 

• Separate controls tor independent trans¬ 
mit and receive frequency selection 

• Switch for lock-in of pre-selected fre¬ 
quency pairs allows one-knob operation 

• Supersensitive dual-gate MOS FET in 
receiver head end 

• Backlighted for night operation 

• Factory-installed, front panel mount 12 
digit, alpha-numeric tone encoder 

Features Like These Make Genave 
The FM Transceiver For You! 

The GTX-200T is only one of the superior 2-meter Each Genave unit has 10.7 MHz first IF and 455 

transceivers in Genave's complete line of American- KHz second IF filters for high selectivity, with RF out- 

made amateur radios. put stages VSWR protected. In addition, Genave 

units are unusually lightweight, with fully transis- 
All Genave gear is carefully handcrafted under the torized integrated circuitry, 
strictest quality control conditions in a facility in¬ 
spected and approved by an agency of the federal Standard features include netting trimmers for each 
government for the production of precision aircraft transmit crystal and single circuit board designs 
navigation and communication equipment. which permit easy modifications. 

And, all Genave amateur FM transceivers are an So, take a good look at the GTX-200T and other 

unprecedented value because you order factory Genave amateur gear. Then fill out the coupon be- 

direct eliminating middlemen profits! low—better yet, call collect: 317 + 546-7959, today! 



• I 


GTX-1 


GTX-2 

2 meter rM, 10 channels, 25 
watts with pushbutton frequen¬ 
cy selector (incl. 146.94 MHz) 


GTX-200 

2 meter FM, 100 channel 
combinations, 25 watts (Incl 
146.94 MHz) 


GTX-200T 

2 meter FM, 100 channel 
combinations, factory-installed 
front panel mount 12 digit al¬ 
pha-numeric tone encoder. 


GTX-10S 

2 meter FM, 10 channels. 
10 watts (Xtals not in¬ 
cluded) 


□ *249 95 

GTX-1T 

□ *299 95 


□ $ 189 95 □ $ 199 95 □$24995 □ $ 149 95 


Hand-held, 2 meter FM. 6 channel. 
3.0 watts. GTX-1T with factory in 
stalled tone encoocr 



4141 Kingman Drive 
Indianapolis, IN 46226 
Phone-in orders accepted 
317/546-1111 


Payment by: 

□ Certified Check/Money Order Cl Personal Check 

□ C.O.D. Include 20% down 

Note: Orders accompanied by personal checks will require about 
two weeks to process. 

20% down payment enclosed. Charge balance to: 

□ BankAmericard #_ Expires__ 

□ Master Charge #_ Expires_ 

□ Interbank #_ Expires_ 

IN residents add 4% sales tax: $_ 

All orders shipped post-paid within continental U.S. 


Add $4 per radio for Shipping. Handling A Crystal Netting 

ACCESSORIES 

□ Ringo Ranger ARX-2 6 db 2 M Base Antenna S34.95 

□ Lambda/4 2 M and 6 M Trunk Antenna 529.95 

□ TE-I Tone Encoder Pad $59.95 

□ TE-II Tone Encoder Pad 529.95 

□ PS-1 Regulated AC Power Supply for use with all 

makes of transceivers 14 VDC 7 amp 569.95 

and the following standard crystals 

@ 54.50 each ...... .$_ 

Non-standard crystals 

@ $6.50 each: . $_ 

ACCESSORIES FOR GTX-1 and GTX-1T 

□ PSI-18 Optional Nicad battery pack 529.95 

□ PS-2 Charger for GTX-1TT) battery pack 539.95 

□ GLC-1 leather carrying case 512.95 

□ TE-III Tone Encoder (for use with GTX 1) 549.95 








FAST SCAN AMATEUR TELEVISION EQUIPMENT 


BI SYN FILTER-TONE TAG 

Ser HR mogorine otlidn on Nov *75 and *76 



o o o 


Model 1100 - 13 1C op amp*, 4 troniistor*. 10 diode* 
on 4 PC board*. 3X6 3/8 X 8 inch** deep 

TONE-TAG provide* you with on excellent method for 
lighting QRM -- any CW iignal tuned to produce a 
750 * 50 Hz beotnote i* modulated by a lone I Hot i* 
derived ond ptoce**ed from the tignol itself. Signal* 

_above and below the TONE-TAG bandwidth remain 
uiwn o duloted, thu* readability i» greotly enhanced 
At the tome lime, the BINAURAL SYNTHESIZER chon- 
naf* signol* above ond below the 750 Hr crow-over 
frequency to the right and left ipociolly Itterr j hrod- 
*et* or speaker* are used). Finolly. to mate a triple¬ 
header, o 4 pole, 150 Hr pre-filter with continuously 
odjuttable skirl* it included 

THREE TECHNIQUES ARE SELECTING FOR YOU! 


. . AND NOW - 



THE 

NEW 

ONE 


-ifia- 


AX-10 TRANSMITTER 


SOLID STATE 

BROADCAST QUALITY 
PERFORMANCE 

FOR TECHNICAL DATA 
AND PRICING, 

WRITE TO: AM-1A RCVR MODEM 

APTRON LABORATORIES BOX 323, BLOOMINGTON, IN 47401 



Ess DIGITAL TONE ENCODERS 


CRYSTAL CONTROLLED DIGITAL INTEGRATED CIRCUIT 
DJGITRAN KEYBOARD FOR HI-REl AND GRrATTEEL" 
CONNECTS DIRECTLY TO YOUR BATTERY AND HIM 
WITH NO STANDBY power drain 
NO NEED TO HUNT FOR TRANSMIT POWER ETC. 

HT 220 ENCODER FRONTS 




FULLY ASSEMBLED AND TESTED TONE ENCODER FRONTS 
JUST ADD YOUR MIKE. SPEAKER. AND HARNESS 
NO EXTRA WIRING TO THE RADIO CHASSIS 

TONE ENCODER PADS 

THE SAME HIGH QUALITY PAD USED IN OUR Hl-220 
FRONTS 


PRICES 


WATCH OUR AD FOR NEW PRODUCT 
ANNOUNCEMENTS 


GROUP DISCOUNTS ARE AVAIIABIE 


B K PRODUCTS 

PO 101 Ml 
NARtOR CITY. CA 90710 


HT-220 FRONTS 

450MH/ SW S84.SO 

ALL OTHERS $74.SO 

SEND DESCRIPTION OF YOUR 
RADIO WITH ORDER 

TONE ENCODER PAOS 
ASSEMBLED AND TESTED $4$.00 
KIT $39.50 

CA1 RES ADD 6 td> 


Model 700 - 7 1C op amp*, 6 diode* on 2 PC boord* 

2 7/8 X 4 X 2 irtchet deep 

Connection to your receiver'* headphone or speaker jock 
(monaural) i* all that i* required for *ignol input. Ten* 
to hundred* of millivolt* of audio iignal it all that it re¬ 
quired. Symmetrical limiting toket ploce on signal* above 
a nominal I volt input. 

Model 1100 supplies output* for stereo speaker* - 1/2 
Wot» PEP per channel ond a jock ot reduced power for 
stereo headset*. Model* 400 ond 700 provide otdputt 
thof can drive itandord stereo headset* directly - 
or add amplifier* to dtNe speaker*. 

PHONE MEN - the stereo system ond variable tkirt con¬ 
trol work well on voice. To borrow o phto*e: It hot 
presence I 


Model 400 * The original Binourol Synthesizer 

use* 2 each 9 volt botterie* $29.95 ppd 

Model 700 - Bmaural Synthesizer with TONE-TAG 
met 2 each 9 volt botterie* $44 00 ppd 

Model 1100 - Binourol Synthiizer-Filter with TONE- 
TAG u»e* 8 economical "D" cell* - 

Less batteries $86.00 ppd 

An economy AC option thot use* a woM transform** plut 
a voltoqe regulator internal to the Model is available 
for any of the model* listed - odd $10.00 

We still supply PC Boards plain or assembled. Write 
for hr ochres and list 

Californio residents odd state to* 

Guarantee? Ou» self esteem demondt your satisfaction 
- The very bed 


HILDRETH ENGINEERING 
BOX 60003 Sunnyvale CA 
94088 (408) 245 3279 


SYNTHESIZERS 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 

196-23 JAMAICA AVENUE 
HOLLIS, N. Y. 11423 


SST T-1 RANDOM WIRE ANTENNA TUNER 

All land uptidion 1160 10 nwwnl «nh 
non any random length wsra TOO wall 
output powa* capability Ideal i<* ponaM* 
o* home upo*at.on Tt»o<d ntlucie* *o* 
»me4l tire 3 a 4 W4 a 7 378 Bunt in nano 
tuna up ndulm SO 739 caaa connacto* 
Guerenwud lu* I »i . 10 day mat Compeer 
•«t to u«e only I T9 96 postpaid I Add 
Salat Tea m Cab! I <213t 3?6 6887 

SST ELECTRONICS PO BOX I LAWNDALE. CA 90260 


NEW ELECTRONIC PARTS 

Rrsistors Mrtrrs LED Displays Fuses 
Capacitors Switch** Proto Buard* 1C socket* 
Diode* Do/v Boar* Mod U Lin* Tr*t 0»p* 
Tnmpot* Transistor* Nardwarr And much mor* 

SASE Brings our new parts catalog 

NuData Electronics 

104 a IPHSOW *1 PQya' notnii nmon »oo*» 



CFP... FOR ALL YOUR AMATEUR NEEDS 



TRITON IV DIGITAL 


ATLAS DRAKE 

CUSHCRAFT TEMPO 

CIR (ASTRO 200) TEN TEC 

DENTRON YAESU* 


Transmitter sales to 
licensed amateurs only 


REMEMBER, YOUR DEALER IS RESPONSIBLE FOR WARRANTY REPAIRS DURING WARRANTY PERIOD. 

Mail Orders accepted. N. Y. residents add sales tea. SASE will get our list ot used Amateur 
Equipment. 

Store Hours 

S*«N CFP COMMUNICATIONS *-*»&■«- 


WA2KTJ 

WB2LVW 


211 NORTH MAIN STREET 
HORSEHEADS, N. Y. 14845 
PHONE: 607-739-0187 


Fri. & Sat. subject to 
Hamfest weekends 
Closed Sun. & Mon. 
















DIODES/ZENERS 


1N4733 

1N5243 

1N5244B 

1N5245B 


SOCKETS/BRIDGES 


1N914 

lOOv 

10mA 

.05 

8-pin 

pcb 

.25 

ww 

1N4004 

400v 

1A 

.08 

14-pin 

pcb 

.25 

ww 

IN4005 

600v 

1A 

.08 

16-pin 

pcb 

.25 

ww 

1N4007 

lOOOv 

1A 

.15 

18-pin 

pcb 

.25 

ww 

1N4148 

75v 

10mA 

.03 

22-pin 

pcb 

.45 

ww 

1N753A 

6.2v 

z 

.25 

24-pin 

pcb 

.35 

ww 

1N758A 

lOv 

z 

.25 

28-pin 

pcb 

.35 

ww 

1N759A 

12v 

z 

.25 

40-pin 

pcb 

.50 

ww 


Molex pins .01 
2 Amp Bridge 
25 Amp Bridge 


To-3 Sockets .25 
100-prv 1.20 

200-prv 1.95 


TRANSISTORS, LEDS, etc. 

2N2222 NPN 

2N2907 PNP 

2N3740 PNP 1A 60v 

2N3906 PNP 

2N3054 NPN 

2N3055 NPN 15A 60v 

T1P125 PNP Darlington 


NPN 



.15 

PNP 



.15 

PNP 

1A 

60v 

.25 

PNP 



.10 

NPN 



.35 

NPN 

15A 

60v 

.50 

PNP 

Darlington 

.35 

, Red, 

Clear 


.15 


D.L.747 7 seg 5/8" high com-anode 1.95 

XAN72 7 seg com-anode 1.50 

FND 359 Red 7 seg corn-cathode 



9000 SERIES 


9301 

.85 

9309 

.35 

9322 

.85 

95H03 

.55 

9601 

.75 

9602 

.50 

MEMORY CLOCKS 1 

74S188 (8223) 

3.00 

1702A 

7.95 

MM5314 

3.00 

MM5316 

3.50 

2102-1 

1.75 

2102L-1 

1.95 

TMS6011NC 

6.95 

8080AD 

15.00 

8T13 

1.50 

8T23 

1.50 

8T24 

2.00 

2107B-4 

4.95 


8266 

8836 

MCT2 

8038 

LM201 

LM 301 

LM308 {Mini) 
LM309H 
LM309KI340K-! 
LM310 
LM311 D(Mini) 
LM318 (Mini) 


75108A 

75110 

75491 

75492 


74H00 

74 H01 

74H04 

74H05 

74H08 

74H10 

74H11 

74H15 

74H20 

74H21 

74H22 

74H30 

74H40 

74H50 

74H51 

74H52 

74H53J 

74H55 


74H72 

74H101 

74H103 

74H106 


74 LOO 
74L02 
74L03 
74L04 
74L10 
74120 
74L30 
74L47 
74L51 
74L55 
74L72 
74L73 
74L74 
74L75 
74193 
74 LI 23 


74S00 

74502 

74503 

74504 

74505 
74S08 

74510 

74511 
74S20 
74S40 

74550 

74551 
74S64 
74S74 
74S112 
74S114 


LINEARS, REGULATORS, etc. 


LM320K5 (7905) 1.65 

LM320K12 1.65 

LM320T12 1.25 

LM320T15 1.65 

LM339 .95 

7805 (340T-5) .95 

LM340T-12 1.00 

LM340T-15 1.00 

LM340T-18 1.00 


74S133 
74S140 
74S151 
74S153 
74S157 
74S158 
74S194 
74S257I 8123) 


74LS00 

74LS01 

74LS02 

74LS04 

74LS05 

74LS08 

74LS09 

74LS10 

74 LS11 

74LS20 

74LS21 

74LS22 

74LS32 

74LS37 

74LS40 

74LS42 

74LS51 

74LS74 

74LS86 

74LS90 

74LS93 

74 LSI 07 

74 LSI 23 

74 LSI 51 

74 LSI 53 

74 LSI 57 

74LS164 

74LS367 

74LS368 


LM340T-24 

LM340K-12 

LM340K-15 

LM340K-18 

LM340K-24 

LM373 

LM380 

LM709I8.14 PIN) 
LM711 


INTEGRATED CIRCUITS UNLIMITED 

7889 Clairemon 1 : Mesa Blvd. San Diego, CA 92111 (714) 278-4394 

All orders shipped prepaid No minimum 

Open accounts invited COD orders accepted 

Discounts available at OEM Quantities 
California Residents add 6% Sales Tax 

24 Hour Phone (714) 278-4394 MasterCharge / BankAmericard 


LM723 

LM725 

LM739 

LM741 8-14 

LM 747 

LM 1307 

LM1458 

LM3900 

LM75451 

NE555 

NE556 

NE565 

NE566 

NE567 

SN72720 

SN72820 








TONE ENCODER PAD 


• DIGITRAN" Keyboard 

• Output Level Set Pot 

• Crystal Controlled-Digitally 
Synthesized Tones 

• Strapping for Hi-Low Z Output 

• Internal 5 V. Regulator 
Supply Voltage Range 7 to 24 V. 

• RFI Suppression 

• Velcro and Case Included 

• Size 2.80 - 2.00 - 0.60 Inches 


in 


$54.95 


*»■ a 


POSTPAID 
IN U.S.A. 

TEXAS RESIDENTS 
ADD 5% SALES TAX 
CHECK OR M.O. 

SEE UP COMING AD FOR NEW 
AUTOMATIC UNIT ATD-70 
2 NUMBERS, FIELD PROGRAM¬ 
MABLE $79.95 

SATISFACTION 

GUARANTEED 


CLENG 


CLENG ELECTRONICS COMPANY 
BOX 12171 DALLAS .TEXAS 75225 


RADIO WORLD 


CENTRAL NEW YORK’S FASTEST 
GROWING HAM DEALER 


FT-101E TRITON IV 

Featuring — Yaesu. Atlas. Dentron. Ten- 
Tec. Swan. Regency, Standard. Tempo. 
KLM. Hy-Gain. Mosley, and Larsen. 

We service everything we sell! Write or call for 
quote YOU WON'T BE DISAPPOINTED 
We are just a few minutes off the 
NYS Thruway (1-90) • Exit 32 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
Warren TERMINAL BUILDING Joe 

K2IXN ORISKANY. NY 13424 WB2GJR 

315 337-2622 
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GREAT VALUES 


March 1968 (first issue) 

FEATURING: 5-band SSB exciter, 1C- 
regulated power supply. Remotely-tuned 
10-meter beam, Transistor curve tracer, 
Double-balanced mixers. 

May 1969 

FEATURING: Potpourri of integrated-cir¬ 
cuit applications, FM repeater receiver 
performance, RTTY converter, 1C noise 
blanker, The ionospheric e-layer. 

August 1969 

FEATURING: Homebrew Parabolic Reflec¬ 
tor, Solid-state Q-5er, Frequency calibrator 
with mos IC's, New multiband quad an¬ 
tenna, Troubleshooting with a scope. 

September 1969 

FEATURING: FM techniques and practices, 
1C power supplies, 1296 MHz varactor 
tripler, Tunable bandpass filters, Amateur 
microwave standards. 

October 1969 

FEATURING: Hot Carrier Diodes, Low- 
cost linear IC's, Diversity antennas, solid- 
state 432-MHz exciter. Tropospheric-duct 
communications. 

November 1969 

FEATURING: Op Amps . . . theory, selec¬ 
tion & application, WWV receiver, Multi¬ 
band antenna, Electronic key, Six-meter 
collinear. 

June 1970 

FEATURING: Communication experiments 
with light emitting diodes, FM modula¬ 
tion standards, Designing phase-shift net¬ 
works, Transistor frequency multipliers, 
RTTY frequency-shift meter. 

October 1970 

FEATURING: An SWR meter for accurate 
RF power measurements, Direct-conversion 
receiver, 1C voltage regulators, 432 MHz 
converter. Introduction to thyristors. 

December 1970 

FEATURING: SSB generator, RF interfer¬ 
ence, Antenna bridge, QRP transmitter, 
AFSK oscillator. 

June 1971 

FEATURING: A practical approach to 432- 
MHz SSB, FM carrier-operated relay. 
Audio age systems. Practical IC's, Low- 
noise 1296-MHz preamp. 

June 1972 

FEATURING: 5 Band solid-state commun¬ 
ications receiver, FM repeater control, 
SSTV synch generator, microwave experi¬ 
menting. 

October 1972 

FEATURING: 4 channel spectrum analy¬ 
zer, HF frequency synthesizer, all-band 
dipole, 160 meter vertical, multi-function 
IC's. 

February 1973 

FEATURING: Communications receiver 
design, rf speech clipper, fm receiver 
scanner, Plessey SL600 integrated cir¬ 
cuits, solid-state noise blanker. 

March 1973 

FEATURING: Solid-state 80-meter trans¬ 
ceiver, reciprocating detector receiver, 
AFSK generator, electronic keyers, mobile 
touch-tone. _ 

HAM RADIO BINDERS 

Collectors items deserve the best protec¬ 
tion you can give them, and we know of 
no better than our handsome Ham Radio 
Binders. Bound in washable buckram and 
supplied with year labels to identify each 
volume. Each binder holds 12 issues. 

Large Size Only $5.95 each 
3 for $15.95 

HAM RADIO BOUND VOLUMES 

Here is a handsome addition to your li¬ 
brary. Twelve issues (a full year) of Ham 
Radio bound into a rugged, good looking 
hard cover book. Certainly the most de¬ 
luxe way to collect Ham Radio and per¬ 
haps the only way to acquire some out 
of print back issues. Years 1972, 1973, 
1974, 1975 and 1976 available. 

$19.95 each or All Five $85.00 


June 1973 

FEATURING: Digital RTTY autostart, fm 
repeater installation, micropower receiver, 
broadband amplifiers, logic oscillators. 

July 1973 

FEATURING: SSTV test generator, carrier 
operated relay, VHF receiver, two-meter 
frequency synthesizer, antenna matching. 

December 1973 

FEATURING: Two-meter power amplifier, 
AFSK generator, VHF cavity filter. Band¬ 
pass filter design, High-gain wire antenna. 

January 1974 

FEATURING: CW memory for RTTY ident¬ 
ification, Linear amplifier, 1C logic fami¬ 
lies, FM transceiver, Heatsink design. 

April 1974 

FEATURING: Communications techniques 
for Oscar 7, Active filter design, Telefax 
conversion, FM receivers, Wideband amp¬ 
lifier, Antenna radiation patterns. 

May 1974 

FEATURING: 5th annual antenna issue. 
Log periodics, Parabolic antennas, An¬ 
tennas for satellite communications, 
Ground systems. Antenna measurements. 

August 1974 

FEATURING: High-power solid-state linear 
power amplifier, Wind loading on antenna 
structures, VHF FM scanners, SSB trans¬ 
ceivers, Variable-speed RTTY. 

February 1975 

FEATURING: 2304-MHz power amplifier. 
Bandpass filter design. Speech proces¬ 
sing RTTY terminal unit, GHz frequency 
scalers. 

April 1975 

FEATURING: Integrated-circuit electronic 
keyer, 1296 MHz preamplifiers. Touch- 
tone encoder, Capacitance meter. Wide¬ 
band RF amplifier. 

June 1975 

FEATURING: A phasing-type single-side¬ 
band transmitter. Slim-line touch-tone, 
UHF prescaler, Crystal oscillators, Noise- 
figure measurements. 

July 1975 

FEATURING: UHF double-balanced mixers, 
Tone encoder. Cubical quad antenna, ATV 
sync generators, 432 MHz converters, 
Sweepstakes winners. 

August 1975 

FEATURING: 500 watt power amplifier 
for 160 meters, FM alignment techniques. 
Programmable keyer memory, Solid-state 
432 MHz linear amplifier, Adjustable 1C 
voltage regulators. 


September 1975 

FEATURING: Inductively-tuned six-meter 
kilowatt, RTTY terminal unit, SSB speech 
splatter, 432 MHz power amplifier. Hand¬ 
held touch-tone, VHF mobile antenna. 

October 1975 

FEATURING: Special receiver issue, Re¬ 
ceiver sensitivity and dynamic range, 
High dynamic range receiver input stages. 
High-frequency communications receiver, 
Pre-amplifier for satellite communications. 
Crystal discriminator. 

November 1975 

FEATURING: High-performance VHF FM 
receiver, RTTY line-end indicator, Tunable 
audio filter, SSTV preamplifier, Binaural 
CW reception, Master frequency oscillator. 

December 1975 

FEATURING: S-Jine frequency synthesizer, 
Introduction to microprocessors, 1296- 
MHz bandpass filters, UHF frequency 
scaler, Cumulative index. 

January 1976 

FEATURING: 50-MHz frequency counter, 
microprocessors, wideband linear ampli¬ 
fier, 432-MHz Yagi, audio power ICs. 

June 1976 

FEATURING: Survey of FM detectors, 
audio speech processing techniques, SSB 
linearity meter, receiver troubleshooting 
and microprocessors. 

July 1976 

FEATURING: Frequency synthesizer de¬ 
sign, WWV receiver, transistor tester, 
VHF/UHF antenna matching techniques, 
carrier operated relay. 

September 1976 

FEATURING: Digital frequency readout, 
morse keyboard, UHF dummy load, audio 
frequency-shift keyer, troubleshooting sol¬ 
id-state. 

October 1976 

FEATURING: High-frequency receiver de¬ 
sign, multiband HF converter, microwave 
amplifier design, two-channel VHF-FM re¬ 
ceiver, four-band VHF converter. 

November 1976 

FEATURING: Low-frequency receiving con¬ 
verter, RTTY test-message generator, 
crystal-filter design, servicing power 
supplies. 

December 1976 

FEATURING: High-frequency communica¬ 
tions receiver, loop antennas, broadband 
mospower amplifier, ASCII-to-Morse code 
translator, CUMULATIVE INDEX, first 
issue thru 1976. 


ham 

radio 

GREENVILLE, NH 0304B 

There’s no place like a good collec¬ 
tion of HAM RADIO back issues to 
find answers you're looking for. Go 
over the list above and find the 
ones you need. 

Enclosed is_for 

the items I have checked. 


Name. 


Call. 


Address. 


□ March 1968 

□ May 1969 

□ August 1969 

□ September 1969 

□ October 1969 

□ November 1969 

□ June 1970 

□ October 1970 

□ December 1970 

□ June 1971 

□ June 1972 

□ October 1972 

□ February 1973 

□ March 1973 

□ June 1973 

□ July 1973 

□ December 1973 

□ January 1974 

□ April 1974 


May 1974 
August 1974 
February 1975 

□ April 1975 

□ June 1975 

□ July 1975 

□ August 1975 

□ September 1975 

□ October 1975 

□ November 1975 

□ December 1975 

□ January 1976 

□ June 1976 

□ July 1976 

□ September 1976 

□ October 1976 

□ November 1976 

□ December 1976 


(first issue) 

□ 

□ 

□ 


Just $1.50 each ppd. 
3 for $3.95 


City. 


Binders $5.95 each 3 for $15.95 


State. 


-Zip- 


Bound Volumes $19.95 Specify year(s) 


More Details? CHECK-OFF Page 126 
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Bearcat c'/u Scanner 


$ 289 . 

The Bearcat 210 super synthesized receiver 
scans and searches 32-50 146 174 & 

416-512 MHz without expensive crystals 
Order now on our 24 hour toll-free credit 
card order line 800-521-4414 In Michigan 
and outside the U S call 313 994-4441 Add 
$5 00 for shipping in U S or $8 00 for air 
UPS to west coast Charge cards or money 
orders only Foreign orders invited For 
additional information write Communi¬ 
cations Electronics. P O Box 1002 Dept 
21 Ann Arbor Michigan 48106 


COMMUNICATIONS ELECTRONICS 

P.O. BOX 1002 DEPT. 24 

ANN ARBOR, MICHIGAN 48106 


YOUR BEST BUY IN KITS 


ANALOG DIGI LAB 

mm /S' *k Features 3 Regulated 
MS) 'gj? / ’ P° wer Supplies. 3 Out- 

f; / put wave forms. 8 digi- 
tal level switches. 2 no 
bounce pulser switches 
8 LEDs with drivers. 1 AP Super strip. 
Easily constructed. Designed by RETS 
Electronic Schools. 

Now only $139.00 

Clock Kit (complete less case) $12.95 
Clock Cabinet . . *6.50 

or $4.50 with purchase of clock kit. 


FREQUENCY U .. f 

COUNTER « . f 

7 Digit 0-300 MHz Freq. Counter $99.00 

7 Digit 0-500 MHz Freq. Counter $139.00 

8 Digit 0-30 MHz Counter with options $109.00 

0-300 MHz Prescaler for 8 Digit Counter $19.95 
0-300 MHz Prescaler with Preamp $29.95 

0-600 MHz Prescaler for 8 Digit Counter $39.95 
Cabinet accessory package available for all of 

the above $24.95 

Anyone of the above kits available pre-assem- 
bled for an additional $50.00. Allow 3-4 weeks 
on assembled units. 


Please add $1.00 Shipping/Handling on any order under $15.00 
Send SASE for flyer. Featuring Electronic components and kits available. 


P. O. Box 1101 


HAL-TRONIX 

Southgate, Mich. 48195 


(313) 285-1782 


The 2027 dual encoder has both Touch- 
Tone and Sub-Audible tone on one small 
board. Simple installation in most radios 
requires only three connections: ground, 
plus VDC and tone output. The encoder 
itself slips over the pins of either a 12- 
key or 16-key DIGITRANn keyboard. 

The 2027 also offers: 

— individual tone level controls 

— power by 9-16 VDC. unregulated 

— replaceable plug-in tone elements 

— EIA tone frequencies from 67.0 Hz 

to 203.5 Hz. Other EIA frequencies 
available on special order. 

— reverse polarity protected 
Priced at: 

$71.96 for 2027A, 12-key keyboard 

$78.95 for 2027B. 16-key keyboard 


ORDER FROM 


P. 0. BOX 120 
ADDISON. ILL. 60101 

III. residents add 5% sales tax 


IMPROVED — the TG-1A and TG-3A 
Both have same features as before, 
but with improved output and small¬ 
er output level control, and. best of 
all. still the same price. 

TG-1A $24.95 TG-3A $56.95 
Extra tone elements $3.00 each. 

All encoders are wired & tested. 
Sizes: TG-1A • 1.0" x 1.2" x 0.6" 
TG-3A - 1.6" x 2.0" x 0.6" 


COMING SOON - 

a CTCSS encoder-decoder 


Also, still available, the Trans Com IC-22S 
Frequency Encoder priced at $69.95. 


UNIVERSAL 

TOWERS 


POPULAR 


EVER MADE! 


REQUEST 

NEW CATALOG 

OF 

TOWERS & 
ANTENNAS 

Communication Specialists 
Midwest Ham Headquarters 

For Over 38 Yean 
HAMS! Write For Free Catalog 
and Wholesale Prices! 

Electronic Distributors, Inc. 

1960 Peck Muskegon. Ml 49441 
Tel: 616-726-3196 TELEX: 22-8411 


FREE STANDING 


HAM TOWER 


ALUMINUM TOWER 
10' to 100' 

Prices from 
S128.00 (30 ) 

MOST 


ALL BAND TRAP ANTENNA ! 


5 BAND OPERATION . 
ONLY ONE NEAT SMALL 
ANTENNA F OR CONG¬ 
ESTED HOUSING AND 
APARTMENT DWELLERS! 


N - FOR ALL AMATEUR HF 
ALL TRANSMITTERS GUARAN- 
<G- TEED FOR 1,000 WATTS 
**' POWER LIGHT. NEAT 
WEATHERPROOF 


Compltt* shown total length 102 ft with 90M of 52 ohm 
RG58U con and PL2S9 connector Hl-impect molded reso¬ 
nant traps (wt. 3 os l"s 5“ long) You |ust tune to desired 
band for ascaltent reports! Excellent for ALL world • wide 
receivers end amateur transmitters For NOVICE AND ALL 
CLASS AMATEURS! NO EXTRA TUNERS OR GADGETS 
NEEDED! Eliminates 5 separate entennes with eacellenl 
performance guaranteed Can be used as Inverted V NO 
HAYWIRE HOUSE APPEARANCE! EASY INSTALLATION! 
00-40-20-15-10 meter bands Complete 534.95 

40-20-15-10 meter bends 54-tl ent. S33 95 

20-15-10 meter bands 24-ft ant S32.95 

SENO ONLY S3.OO (cash, cfc..mo.) end pay postman balance 
COO plus postage on arrival or send full price for pp del 
BankAmerlcard- - - Master Charge - - • Ph 306-230-5333 
Free Info available only from WESTERN ELECTRONICS 
Dept AH* B Kearney. Nebraska. 60B47 


See our HAM MART 

listings to find the 
Amateur Radio 
dealers nearest you. 


<J*cP _ . 

aJ'kv, Look at This! 

• > 2 meg input Z 

^ • Input protection 

6" x 5" * Automatic memory 

• Use with TTL/DTL/MOS/CMOS 
rtwu-ir nr M n * Detects < 16 nsec pulses 

L * • Assembled and tested 

L.S.I., Box 7197, Univ. Sta., Provo, Utah 84602 


LOGIC PROBE 

from Logic Systems Inc. 

Look at This! 


NEW — 2027 
DUAL ENCODER 
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CRYSTAL FILTERS and DISCRIMINATORS 

9.0 MHz FILTERS 


XF9-A 
XF9 B 
XF9-C 
XF9-D 
XF9-E 
XF9 M 
XF9-NB 


2.5 kHz 
2.4 kHz 
3.75 kHz 
5.0 kHz 
12.0 kHz 
0.5 kHz 
0.5 kHz 


SSB TX 
SSB RX/TX 
AM 
AM 
NBFM 

CW (4 pole) 
CW (8 pole) 


9.0 MHz CRYSTALS (Hc25/u) 


XF900 

9000.0 kHz 

Carrier 

$4.00 

XF901 

8998.5 kHz 

USB 

$4.00 

XF902 

9001.5 kHz 

LSB 

$4.00 

XF903 

8999.0 kHz 

BFO 

$4.00 

F05 

Hc25/u Socket Chassis 

50 

F-06 

Hc25/u Socket P.C. Board 

.50 


Export 

Inquiries 

Invited 

Shipping 
$1.25 
per filter 


ALSO AVAILABLE FROM KVG 
10.7 MHz CRYSTAL FILTERS 
OSCILLATOR CRYSTALS 50 kHz TO 150 MHz 
Write for Details 


VARACTOR TRIPLERS 


The low cost, easy way to operate on the 432 MHz and 12% MHz bands. 
For OSCAR 7, mode B. drive the MMv432 family varactor tripler with your 
2 meter transmitter. The wideband varactor triplers cover the full 2M/432 
band without retuning. 

NO power supply required for varactor triplers; efficiency approximately 50%. 
Three models available at 432, two at 12%. 


Model 
MMv432 
MMv432M 
MMv432H 
MMv 1296 


MMvl296H 35 W 


shipping: $2.50 
Also available for 144 MHz & 432/440 MHz bands. 

Receive Converters: many options. Write for details. 

Transverters: Use your 10M rig to get on the VHF bands the easy way. 
feM & 2M drive versions available for 432/440 bands. 

Also ch2/ch3 to 438 MHz, fast scan ATV units. At 12%, a full front-end 
service available. Still the only source with years of experience. Varactor 
triplers, receive converters and high gain beam. 

Send 26c 1 (2 stamps) for full line catalogue of KVG crystal products and 
all your VHF & UHF equipment requirements. 


Spectrum 
International, Inc. 
Post Office Box 1084 
Concord, Mass. 01742, USA 


LINEAR AMPLIFIERS and TRANSVERTERS 

by POLAR ELECTRONIC DEVELOPMENTS 

EDL144 *299.95 

Drive Power 20 W PEP max 
Output Power 100 W PEP max 
Rx Pre-Amp Gain 20 dB typ 
N.F. 2.5 dB typ 

Power Supply 115 V A.C. 
Size: 10" x 6" x 7- 

The EDL144 amplifier con¬ 
tains a high power transmit 
linear amplifier (5894 PA) 
and power supply (115v) to- 
II i get her with a low noise re- 

ceive""pre-amplifier (2.5 dB NF). T/R switching is automatic by an 
internal VOX circuit; no changes are needed to your existing transceiver. 

EDL432P $299.95 

Drive Power 10 W PEP max 
Output Power 50 W PEP max 
Power Supply 115 V A C. 
Size: 10" x 6" x 11" 

The EDL432P amplifier con¬ 
tains a high power triode 
amplifier (2C39A) with match¬ 
ing power supply (115v). The 
, cabinet also contains the 

cooling air blower, antenna relays and full metering. The RF section is 

also available as a complete sub-assembly for use with an existing power 
supply etc.. Model EDL432 $139.95 

Use your 10 meter transceiver with the EDT50-28 or EDT144-28 trans- 
verters to operate on the fcM or 2M bands. These transverters 
operate in all modes, they have the same style P A design as the 

_ m — EDL144 amplifier. Receiving 

with MMc50 or 
style converter 

.^ 1 side the cabinet. 

I w _ J (, EDT50-28 50-52 MHz 

■ _ E0T144-28 144-146 MHz 

1 H^|| Drive Power, 10M 0.5 W max 

■ mZ I Output Power 100 W PEP mix 

» Rx Gain 30 dB typ 

^ N.F. 2.5 dB typ 

j Size: 10" x 6" x 7" 

■ * ^ ^ Price $299.95 

^ i An external power supply is 

^ — required. 

Shipping Via UPS. At Cost. 




Model 8XY/2M 

Gain 9 5dB in each plane, 50U feed. 
For OSCAR communications add 
Circular polarization harness, PMH/2C 
Also available for 2 meters: 

8 over 8 J-Slot, Model D8/2M 
8 by 8 vertical J-slot D8/2M vert. 


ANTENNAS 

144-148 MHz 

lor 

CW AM 
FM SSB 
OSCAR 


420-450 MHz 

48 element J-Beam MULTIBEAM 
Gain +15.7 dBd. Feed 50Q coaxial. 
Model 70/MBM48 $47.95 


1296 — LY 

1296 MHz LOOP YAGI 
GAIN I 20dBi 

FEED $ 54 . 45 OAX,AL 1250-1340 MHz 

Shipping: Antennas FOB Concord. Mass, via UPS. 

Write direct for Polar plots. Gain & VSWR curves. 


Plug it in like a key 
and send perfectly 
timed Morse code as 
easily as typing a let¬ 
ter Sidetone and 
buffer register make 
it simple to send at 
the speed you select 


KEYBOARD 

TO 

MORSE CODE 


ATROMICS 

BOX 77, ESCONDIDO. CA 92025 

(714)745-1971 _ 


Available directly 
from the factory for 
only $225 plus post 
age&handling Mas- 
tercharge or Banka- 
mericard accepted 
Call or write to order 
or request complete 
specifications and 
options. 


More Details? CHECK - OFF Page 126 
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Advertisers 

check-off 


... for literature, in a hurry — we'll 
rush your name to the companies 
whose names you “check-off” 

Place your check mark in the space Jjetween 
name and number. Ex: Ham Radio 234 


INDEX 

Jan 


589 


071 

072 


492 


067 

^Enterprises 
KE Electronics 
KLM 073 
Kampp 613 

Kenwood * 

Kester Solder _ 

Klaus 430 

Lafayette 598 
Larsen 078 
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Long's 468 
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15 

Porta Pak 

274 
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Adva_265 

Advanced 

Micro. _ 610 
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Aluma Tower 
Ama. Wholesale 
Elect. 003 

American_554 

Apollo 011 

Aptron 380 
Atlas _ 198 

Atronics 382 

BK Products 463 
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Bauman_017 

Budwig 233 
Bullet 328 

CFP 022 
Calculator Shop • 

Cleng 465 

Comm. Elect. 

Comm. Spec. 

Computer Rm 
Crystal Bankim 
Service 

Cushcraft ( 

DX Engineering 
Dames Comm. 551 
Dames 324 

Data Signal 270 

Daytronics 612 

Dentron _ 259 

Drake 039 

E. T. O. * 

Elect Dist. 044 
Electrospace 407 

Erickson 047 

Excel Circuits 535 

Genave 168 

Gilfer 207 

Gray _ 055 

Greene 440 

Gregory 201 

Hal 057 
Hal-Tronix 254 

Ham Center 491 

Ham Radio_150 

Hamtronics 246 

Heath 060 

Henry_062 

Hildreth 283 

Hy-Gain_064 

Icom 065 

Inline Instru. 591 

Int. Circuits 518 

Int’l Xtal 066 

James 333 

• Please contact this advertiser directly. 
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Radio World 592 
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FM/CW TRANSMITTER KITS 


VHF/UHF FM RCVR KITS 




• Low noise PET * 

front end 

• All common i-f's % 

• Great for OSCAR! 

• Low power drain XjM H 

• Crystals available 

for ony desired freq scheme 


MODEL C25 VHF CONVERTER KIT (shown) 

$25.95 

• Models for 2M, 6M, 10M, 220 MHz, air¬ 
craft, com*I, etc. • Stable coscode rf stoge 

• 0.3“0.5 uV sensitivity • 10-20 dB gain 

• Compact 2-1/2 x 4-1/2" pcb • Any i-f 
10-50 MHz • Featured in HR mag article 

MODEL U20-450 UHF CONVERTER $19.95 

• For 432-435 MHz ssb, otv, OSCAR, 450 
MHz fm, aircraft, com'I, etc. • Economy 
converter • Use with PI5 Preamp for optimum 
performance • Any i“f 10-160 MHz 


XTAL (either of above) 


RANGE 
20-83MHz 
83-190 MHz 
220-230 MHz 
Give exact freq. 


TEST PROBE KITS 


VHF MODELS FOR ANY BAND 28-240 MHz 


R60-( ), 0.5-1 uV sens, incl VHF Converter 

and IF/Audio Boards.$64.95 

R69-( ), 0.2-0.4 uV sens, incl P9 Preomp, 
VHF Converter, and IF/Audio ... $69.95 
Crystals (We stock common freq and will 
glodly order specials). $5.50 


UHF MODELS FOR ANY BAND 380-520 MHz 


R60-450, 5“ 10 uV economy rcvr, incl UHF 
Conv & IF/Audio Boards only.... $59.95 
R80-450, 2-5 uV sens monitor rcvr, incl UHF 
Conv, VHF Conv, and IF/Audio . $84.95 
R95-450, 0.4-1 uV sens rcvr, incl PI5 Pre¬ 
amp, UHF Conv, VHF Conv, and IF-Audio 
Boards.$94.95 


famous Mhuaain 

ANTENNAS 

STOCKED IN DEPTH 


MODEL 


P8-30 
P8-150 
P8-220 
P16 (WA) 


EVER WISH YOUR RECEIVER 
COULD HEAR THE WEAK ONES? 

Almost every amateur and commercial 
VHF UHF receiver can be more sensitive 
with these popular preamps Over 7000 
in use throughout the world* 


Premium model where space permits — 
1-IA x 3 inches. Ideol for OSCAR! 


MODEL 
P9-30 
P9-I50 
P9-220 
P14 (WA) 


range 

26-88 MHz 
88-172 MHz 
172-230 MHz 
Give exact freq. 


T20 Tripler/Driver Module Kit, ISO mW 
2M input. 200 mW 450 MHz output $19.95 


rr wiTTrrTrrrrrr 


RF POWER AMPLIFIER MODULES 


• NO TUNING .VSWR PROTECTED 

• 150 MW DRIVE • COMPLETELY STABLE 


T80-150, 140-175 MHz,20-25W output, 
wired and tested, simply connect your 

cables.$79.95 

T80-450, 430-470 MHz, I3-I5W 79.95 


P9 KIT $9.95 


P14 W/T $19.95 


200 MW EXCITER MODULE KITS 


T40-I1 Eleven Channel Exciter for 2M, 

6M, or 220 MHz.$39.95 

T40-I One Channel Exciter. 34.95 


P15 KIT $15.95 
P35 W/T $34.95 


£4 

• Avoiloble for 



ony bond 



380-520 MHz 


• 20 dB goin 




ONLY $7.95/ea. 


REQUEST CATALOG FOR MORE DETAILS 


VHF AND UHF CONVERTERS 


TE-3 RF Detector Probe for VTVM, good 
from 100 kHz to over 500 MHz 
TE-4 Direct Probe for oc/ohms, etc. 

TE-5 DC Probe w/res for 11 meg input VTVM 
TE-6 Blocking Capacitor Probe for counter, 
signal generator, etc. 

TE-7 Wideband Detector Probe for scopes 
TE-8 High Z/ Low Capacitance scope probe 




Larsen Antennas 


Wc have a large stock of these popular 

whips. 

Pick the mount and whip which are right for 
youl All whips and mounts ore interchange¬ 
able. Request catalog for more information. 

LM-150 5/8 wove 2meter whip. 

S23.85 

LM-220 5/8 wove 220 MHz whip... 

23.85 

LM-440 Colinear 450 MHz whip.... 

23.85 

Q 1/4 wove whip 144-450 MHz 

2.65 

MM-LM-K Magnet Mount. 

$14.60 

LM-K 3/4" Blind Hole Mount.. 

6.35 

GC-LM-K Gutter Clip Mount. 

14.60 

TLM-LM-K Trunk Lip Mount. 

14.05 

AMB-K Trunk Gutter Mount. 

9.10 


I4AVO 

18AVT 

18HT 

TH3-MK3 

TH3-JR 

TH6-DXX 

2BDQ 

5BDQ 

263 

265 

214 


10-40M Vertical 
10-80M Vertical 
10-80M Hy-Tower Vert 
Tribander 
Tribonder 

Tribonder, 6 element 
80-40M Trap Dipole 
80-1QM Trop Dipole 
2M 5/8 wove Trunk Lip 
2M 5/8 wave Mag Mt 
14 el 2M Beam 


SUPERIOR 
QUALITY- 
Yet only $189.95 


IF YOU’VE HEARD THE NEW 
HY-GAIN 2M HT, YOU ALREADY 
KNOW IT’S FANTASTICI WE 
HAVE THEM IN STOCK COMPLETE 
WITH CRYSTALS AND ACCY'S 


Inexpensive DC POWER SUPPLIES 


We hove large stock of popular antennas. 
Coll or write for quote or more information. 


Model 

Price 

Intermittent 

Cont 

12CB4 

$29 95 

2.5A 

1.5A 

103R 

39.95 

4A 

2.5A 

104R 

49.95 

6A 

4A 

108RA 

79.95 

12A 

8A 

108RM* 

99.95 

12A 

8A 

109R- 

149.95 

25A 

10A 


"Indicates model which has panel meter(s) 


hamlronics, me. 


182H BELMONT RD„ ROCHESTER, NY 14612 


• CALL OR WRITE NOW FOR FREE CATALOG OR 
TO PLACE YOUR ORDER! 

• PHONE 716-663-9254, 9AM-9PM EST DAILY. 

• Use your credit card or C.O.D 

• Specify operating freq • Add $1 shipping and handling. 
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Call 

1 * 800 * 633*3410 

lor Dentron* 

•KENWOOD, YAESU, ICOM, ODE, HYGAIN, CUSHCRAFT, NPC, TPL, TRISTAO, 
NEWTRONICS, REGENCY, ROHN, WILSON, TEN-TEC, B&W, DRAKE, & MFJ. 



DENTRON MLA-2500 linear amplifier 

• Contunuous duty power supply • 160 thru 10 meter coverage • 
2000 + watts PEP input on SSB • 1000 watts DC input on CW, 
RTTY, SSTV • Two external-anode ceramic/metal triodes 
operating in grounded grid • Covers MARS w/o modifications • 
50 ohm input/output impedance • Built-in RF watt meter. 


799.50 is list price. Call Toll-Free for quote 



YAESU FT-101E 
transceiver 

• Solid-state construction • 160 thru 
10 meter coverage • Built-in AC & DC 
power supplies • Built-in RF speech 
processor • 260 watts PEP, SSB, 180 
watts CW & 80 watts AM • Solid-state 
VFO • Built-in VOX • Auto break-in 
CW w/sidetone • Built-in WWV/JJY 
reception • High-Q, permeability tun¬ 
ed. RF stages 

729.00 is list price. Call for quote 



DENTRON MT-3000A antenna tuner 

• 160 thru 10 meter coverage • Handles a full 3KW PEP • 
Continuous tuning 1.8 - 30 me • Built-in dual watt meters* Built- 
in 50 ohm dummy load for proper exciter adjustment • Antenna 
selector switch enables you to by-pass the tuner direct or select 
the dummy load or 5 other antenna systems 


349.50 is list price. Call Toll-Free for quote 


OVER 

50% 

OFF! 


ELECTRO-VOICE 
719 push-to-talk mike 

The 719 has 2 talk switch positions 
(push-to-talk & grip-to-talk) • Fre¬ 
quency response: 80 to 7000 Hz • 
Generating element: ceramic • Out¬ 
put impedance: High Z • Polar 
pattern: omnidirectional 

19.00 List price is 45.00 



DENTRON all band 
doublet antenna 

This all band doublet or inverted 
antenna covers 160 thru 10 meters. 
Has total length of 130 ft of 14 ga. 
stranded copper wire The doublet is 
tuned & center fed thru 100 ft. of 470 
ohm PVC covered transmission line. 
Assembly is complete. 

24.50 is Long's low price. 


Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call: 1-800-292-8668 in 
Alabama for our low price quote. Hours: 9:00 a.m. til 5:30 p.m„ Monday thru Friday. 
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The radio. 


Shown above: Deluxe Power Supply/Speaker/Digital Clock and Programmable CW Identifier 
• FT-301SD Transceiver • External VFO • Monitorscope 


Yaesu’s Deluxe Accessories Complete Your Station 




FT-301SD 

Digital Dial-20 Watts PEP 


CUT YOUR ELECTRICITY BILL! 

Do your part in Uncle Sam's energy conservation 
program. Obey FCC rules that tell you not to run 
more power than is needed. But when the going 
gets tough, switch in the linear! 


FL-110 Broadbanded Solid State Linear 
200 Watts Output-Power When You Need It 


FT-301S 

Analog Dial-20 Watts PEP 


AN ENERGY CONSERVATION SUGGESTION 

• ■ FROM YAESU 


YAESU ELECTRONICS CORP.. 15954 Downey Ave.. Paramount. CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter.. Cincinnati. OH 45215 





























Ybu've never seen 
a four tube, 

2 megawatt amplifier. 

Until Now. 



Look at this new generation Continental Elec¬ 
tronics 323C medium wave broadcast transmitter. 
You'll see two EIMAC X-2159 tetrodes are used in 
each amplifier section, one as a carrier tube and 
the other as a peak tube. The two Doherty-type 
screen impedance modulated 
(SIM) amplifier sections are 
combined to provide a 2 
megawatt carrier, 100 percent 
modulated. 

This is the first of 12 amplifier 
sections built for three Saudi 
Arabia locations. They will be 
used as building blocks for 1 or 2 
megawatt transmitters in the 


broadcast service. Similar approaches are 
planned for other locations in Saudi Arabia. 

For information about power tubes for your 
transmitter, contact Varian, EIMAC Division, 301 
Industrial Way, San Carlos, California 94070. Tele¬ 
phone (415) 592-1221. Or call 
any of the more than 30 Varian 
Electron Device Group Sales Of¬ 
fices throughout the world. 


varian 














Send for your copy of the 
world’s largest catalog of 
quality kit-form electronic 
products. 




Yes! Please rush me my 
personal copy of the NEW 
Heathkit Catalog. 

I am not on your mailing list. 


Take your pick 
of nearly 400 fun-to-build and 
practical money-saving kits — all 
backed by Heath — world leader 
in better electronic kits since 1947. 


S mail card now ^ 


Dept. 122-32 
i Ham Radio 








BENTON HARBOR Ml 49022 



Get your very own copy of the latest 

HEATHKIT 


MAIL-ORDER KIT CATALOG 



SEND FOR IT TODAY! 


Kits for almost 
everything In 
electronics; auto 
and marine 
i accessories, 

V TV, stereo hl-fl 

* home products 

* and much 

I more. All 
are easy to 
build with 
crystal-clear, 
step-by-step 
Heathklt 

_assembly 

manuals. 
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